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Succeed with the MODSIM III model-building environment— Build interactive, visual, 
portable, hierarchical models —now layered on C++. Users drag and drop your palette icons. 
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MODSIM III 


New Model Building Productivity Environment 


Free trial and, if you act now, free traming 
cok Ce ee en a a 


Mees ILI is an environment 
specialized for building 
visual, interactive, and hierarchical 
simulation models. It combines the 
benefits of object-oriented software 


development with thirty-three years of 
simulation experience. 


Productivity Increased 

MODSIM III has the language 
constructs for describing system 
components and their interactions in 
simulation time. Animation and 
graphics to be displayed during the 
simulation fit naturally in your model. 
Consequently, your model reads like 
a description of the system being 
modeled, error checking is extensive, 
and the volume of code is greatly 
reduced. 


Advanced Models 

You build models that are visual, 
users set up a scenario through the 
icon drag and drop technique; inter- 
active, users monitor the simulation 
and interrupt it to change parameters; 
and hierarchical, model users select 
the level of simulation detail. 


Free Trial Offer 


The free trial contains everything 
you need to try MODSIM III on your 
computer. You receive everything you 
need for a complete evaluation. 

For a limited time we also include 
free training. 


Generates Readable C++ 

You can access libraries from the 
large and growing base of software 
written in C++. 


Runs On All Popular Computers 

Importantly, given the rapid 
changes in computing technology, 
MODSIM III® models are completely 
portable across all major platforms — 
UNIX workstations, and PC’s running 
Windows, Windows NT and OS/2. 

Portability allows you to maximize 
the benefit from your model invest- 
ment. Your model can be provided to 
all interested users regardless of their 
computing environment. 


(aah information on MODSIM II 


| 1 Yes, I want to learn the reasons for the 


growing popularity of MODSIM III. 


Special offer. Return the coupon today and 
get a free course enrollment worth $950. 


Name 





Organization 


Address 





Telephone 


Computer 





Worldwide: 

CACI Products Company 
3333 North Torrey Pines Ct. 
La Jolla, California 92037 
Call (619) 457-9681 

Fax (619) 457-1184 
Europe: 

CACTI Products Division 
MECC Business Center 
G. Martinolaan 85 
6229GS Maastricht 

The Netherlands 

Call +31 43 670780 

Fax +31 43 670200 

UK: 

CACTI Products Division 
Coliseum Business Centre 


Fax 


O/S 


OX Send details on your University Faculty offer. 


Wash., DC Area: 

CACTI Products Company 
1600 Wilson Blvd. 
Arlington, VA 22209 
Call (703) 875-2900 
Fax (703) 875-2904 
Canada: 

CACTI Products Division 
200-440 Laurier Ave., W. 
Ottawa, Ontario 

Canada KIR 7X6 

Call (613) 782-2474 
Fax (613) 782-2202 


Mie spec 


Watchmoor Park, Riverside Way 
Camberley, Surrey GUIS 3YL, UK 


Call +44 (0)1276 671 671 


CACI Products Company 


MODSIM III is a registered trademark of CACI Products Company. °1995 





MAR 13. The U.S. govern- 
ment said it had completed the 
biggest auction ever in selling 
part of the nation's frequency 
spectrum for US $7 billion to 
would-be providers of wireless 
networks for personal communi- 
cations. Among the top winners: 
Sprint Corp.'s partnership with 
three big cable operators, which 
paid $2.1 billion for licenses in 
New York City and 28 other cit- 
ies; AT&T Corp., which put up 
$1.7 billion for 21 markets, in- 
cluding Chicago and Boston; 
and a joint effort of Bell At- 
lantic, Nynex, US West, and 
AirTouch Communications, 
which paid $1.1 billion for 11 
markets, including Dallas. 


MAR 13. New Mexicos Mes- 
calero Apaches said that they 
had voted in favor of negotiat- 
ing with the nuclear industry to 
store spent radioactive fuel on 
their reservation. If negotiations 
succeed, project manager Silas 
Cochise, great grandson of the 
Apache leader, will work with a 
consortium of 33 nuclear power 
operators to store 20 000 tons 
of spent nuclear fuel rods for 40 
years, until a Federal disposal 
plan emerges. The consortium 
will pay the Apaches $250 mil- 
lion. [See related story, p. 19.] 


MAR 13. Micron Technolo- 
gy Inc., Boise, Idaho, said it 
would build a $1.3 billion semi- 
conductor plant in Utah Coun- 
ty, south of Salt Lake City. The 
plant will employ 3500 people. 


MAR 14. NASA said that ast- 
ronaut, engineer, and physician 
Norman E. Thagard had be- 
come the first American to en- 
ter space on a Russian rocket. 
Thagard, Vladimir N. Dez- 
huroy, and Gennadi M. Strek- 
alov blasted off in a Soyuz 
spacecraft from Baikonur in 
Kazakhstan. Two days later 
they docked at the Russian Mir 
space station, for a stay of 
three months. 


MAR 15. The President's Ad- 


visory Committee on Human 
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newslog 


Radiation Experiments said 
that documents from the Los 
Alamos National Laboratory in 
New Mexico show that the US. 
military knew of the health risks 
of radioactive fallout from 
nuclear bomb testing in 1951 
and, though a safer site was 
available in Alaska, chose one 
near populated parts of Nevada 
to get better data on where the 
fallout would go. The Nevada 
Test Site is 100 km northwest of 
Las Vegas. 


MAR 17. Judge Harold H. 
Greene of the Federal Dis- 
trict Court in Washington, 
D.C., ruled that regional 
phone company Bell Atlantic 
Corp., Philadelphia, could 
compete directly with cable 
operators and broadcasters by 
transmitting television pro- 
grams anywhere in the Unit- 
ed States. The ruling is ex- 
pected to be extended soon 
to other Baby Bells. 


MAR 17. Applied Materials 
Inc., which makes equipment 
for semiconductor manufactur- 
ers, said it plans to hire 2900 
workers this year. Half of them 
will work at company head- 
quarters in Santa Clara, Calif., 
and half at its factories in 
South Korea and Taiwan. 


MAR 20. Novell Inc., Xer- 
ox Corp., and Hewlett-Pack- 
ard Co. announced _technol- 
ogy that will allow PC users to 
print documents at an office in 
another city or another com- 
pany, and to receive on-screen 
messages about the progress 
of their printing jobs. Xerox 
and HP plan to be ready early 
next year with printers and 
copiers capable of working 
with the software, based on 
Novell's NetWare. 


MAR 21. Germany's Deut- 
sche Telekom AG said it had 
beaten three other internation- 
al telecom groups to win a 25 
percent stake in Satelit Palapa 
Indonesia (Satelindo) for 
$586 million. Satelindo com- 


petes with the state-owned 
Indosat group. 


MAR 21. Loral Corp., 
New York City, said that it 
would buy the defense and 
aerospace operations of Uni- 
sys Corp., Blue Bell, Pa., for 
$862 million. The deal al- 
lows Loral to improve its 
capabilities in satellite com- 
munications and in military 
information systems and 
frees Unisys to focus on in- 
formation technology. 


MAR 23. The U.S. Senate 
Commerce Committee said 
that it had approved a telecom- 
munications overhaul bill that 
would allow local and long-dis- 
tance telephone companies 
and cable television companies 
to enter each other's markets. 
Debate on the bill is expected 
to begin in the full Senate in 
May. The House of Repre- 
sentatives is also drafting its 
version of the bill, which is 
slated for July. 


MAR 24. Cray Computer 
Corp., Colorado Springs, 
Colo., said it had filed for 
Chapter 11 bankruptcy court 
protection after it had failed 
to find the $20 million need- 
ed to complete building its 
Cray 4 supercomputer, The 
six-year-old company will lay 
off 340 employees. 


MAR 28. Eastman Kodak 
Co., Rochester, N.Y., said it 
would allow its proprietary 
Photo CD system to be licens- 
ed by software developers. The 
company also announced alli- 
ances to help build its digital 
photography business, includ- 
ing one with Microsoft Corp., 
to develop software for manip- 
ulating pictures on PCs, and 
with Sprint Corp., to develop 
a system for transmitting imag- 
es of data files over phone lines. 


MAR 29. Russian officials 
said a converted nuclear mis- 
sile carrying an Israeli and two 
Russian commercial satellites 


crashed into the sea 10 min- 
utes after launch from Plesetsk 
in Russia's far east. A malfunc- 
tion in the rocket's fifth stage 
was blamed. 


MAR 31. IBM Corp. said it 
had set a world record in the 
laboratory for magnetic-data 
storage density. Its 5 Mb/mm? 
is nearly five times the density 
of the most advanced disk 
available today. Researchers 
achieved the advance by refin- 
ing, shrinking, and improving 
magnetoresistive recording 
heads and ultralow-noise thin- 
film magnetic hard disks. 


APR 1. The U.S. Coast 
Guard said it had turned off its 
Morse code equipment—used 
since the early 1900s—in favor 
of employing satellites and auto- 
matic navigation beacons to 
track Mayday calls at sea. 


APR 3. Raytheon Co., Lex- 
ington, Mass., said it will pay 
$2.3 billion for E-Systems Inc., 
Dallas, a military contractor 
that builds spying equipment. 


APR 7. Ameritech Corp., the 
Baby Bell in Chicago, said it had 
received approval from the Illi- 
nois Commerce Commission 
to offer long-distance service on 
a trial basis in the Chicago and 
Grand Rapids, Mich., areas if it 
opens up its local markets to 
competition. The approval fol- 
lowed an April 3 announcement 
that the U.S. Justice Depart- 
ment had blessed the plan. 


Preview: 

MAY 31. By this date, the De- 
partment of Energy (DOE) is 
to release the draft of its Waste 
Management Programmatic 
Environmental Impact State- 
ment. The report will be used to 
support decisions about treat- 
ment and storage of radioactive 
wastes at 40 DOE sites in 20 
states. For information and free 
copies (including CD-ROM 
versions), call 800-736-3282. 


SALLY CAHUR 
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Focus report 

a --------- 23 Data acquisition software 
for engineers and scientists 
BY GADI KAPLAN 


From turnkey packages to virtual instruments, today’s tools help 
tackle the testing needs of increasingly elaborate systems. 


24 Choosing the right 
data acquisition tool 
BY RICHARD HOUSE 





PHOTOMONTAGE SOURCES: NATIONAL INSTRUMENTS; 


PHOTOMONT Checking software for flexibility and ease of use, often mutually 


exclusive characteristics, can guide the engineer or scientist 
in the selection of the right tool for a given application—more 
than 50 packages are tabulated. 


cover story 
No rose garden for women in engineering 
BY LINDA GEPPERT 





A roundtable of women departments 


engineers agrees that the 4 Newslog 
profession is technically 
rewarding, but that gender bias, 


isolation, and lack of support 6 Forum 
from family, friends, and 
superiors keep women away. 10 Books be 
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JERRY VALENTE 
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PROJECT MANAGEMENT IS 
CHALLENGING ENOUGH. YOUR 
SOFTWARE SHOULDN'T BE. 


package.” writes PC Computing. 

If you're new to project manage- 
ment, you'll appreciate how quickly 
and easily you can get started. And 
advanced users will value our most 
complete feature set yet 

Project planning is streamlined 
with a single, unlimited resource 
pool. Task and resource calendars 
simplify overtime calculations 

Toolbar icons offer quick 
access to functions and views 
you use the most. Plus with 
thirteen new report styles, 

there are now over forty 
pre-designed templates to 
give your work a great 
look from day one. 
Also new is a second- 
generation ODBC 
interface for selectively 


Project Scheduler 6 for Windows” is the easy way 
to keep in touch with all your projects. 
But you'll still have to wear your pager. 


conflicts and resource allocation 
problems 

And while no project manage- 
ment software will free you from 
being paged throughout the day, 
InfoWorld calls new Version 1.5 of 
Project Scheduler 6 for 
Windows “a no-lose bet.”’ 

“Whether you're manag- 
ing one project or a thousand, 
Project Scheduler 6 provides 
all the intricate task, budget, 
and report features of a 
high-end project 
manager in an intuitive, 
usable, and inexpensive 









Beepers. Pagers. Whatever you 
call those ubiquitous little devices, 
one thing's for certain: they're a sure 
sign that managers are expected to 
stay on top of an increasing number 
of changing deadlines, schedule 


Before you make a project 
management software decision, call 
for this free executive summary. 


Call 1-800-533-9876 
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sharing project data with other 
ODBC-compliant applications 
Project Scheduler’s Advanced 
Resource Tracking Spreadsheet 
(ARTS)"™ offers an easy, yet powerful, 
way to model and evaluate resource 
costs and usage on a period-by- 
period basis. Even quick compar- 
isons of various “what-if” scenarios 
is a breeze with multiple undo/redos 
So quick, before your beeper goes 
off again, find out why Computer 
Shopper said, “if you want one 





project manage- 5 @ 
ment package to ae Windows | al 


choose for the long #4 a 
haul, choose = _ ES 


Scitor's Project 
Scheduler 6.”* 
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technology 

The search for ------- 
better batteries 

BY MICHAEL J. RIEZENMAN 


DURACELL INC. 


The goal is units that deliver 
more than a couple of hours’ 
worth of the 15-20 W required 
by today’s hand-held comput- 
ers. Affordable units will impact 
many other areas, too, from 
power tools to electric vehicles. 





Sleuthing out 
gravitational waves 
BY MELVIN A. LEWIS 


Because these waves are so weak, 
they are a tremendous challenge 
to the builder of any instrument 
meant to detect the phenomenon, 
such as a laser interferometer or 
this resonant-bar detector [right]. 
The huge solid metal bar with 
strain gages attached acts as an 
antenna for picking up the waves. 


MELVIN A. LEWIS 





perspective 

U.S. consortia enter 
flat panel fray ~~ 
BY KENNETH I. WERNER 


SHARP ELECTRONICS CORP. 


Changes in the ways that 
displays can be fabricated and 
the military's wish for domestic 
suppliers is focusing attention 
on the United States’ lack of 
capacity in this increasingly 
crucial technology. 
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Here’s what 


said about DADISP 4.0 





A streamlined user interface that fully conforms to Windows is the first obvious feature of a long-awaited upgrade 
to DADiSP, a graphical analysis program from DSP Development Corp. that's designed for the needs of scientists and engineers. 








A major overhaul of the user inter- 
face, the introduction of an integrated 
programming language and new option 
modules highlight Ver. 4.0 of DADiSP... 

Besides adopting a complete 
Windows look and feel, the overall inter- 
face scheme has gained a more stream- 
lined look... [W]ith the flattened hierarchy 
on this upgrade, the software always 
starts up in a worksheet; indeed, when 
loaded, the software returns to the setup 
that was on the screen when the user 
last exited the program. Although you 
don’t have to go through a hierarchy, 
the package still maintains labbooks, 
datasets and worksheets to provide 
a simple method of organizing large 
complex datafiles and projects. 

As part of the Windows implemen- 
tation, Ver. 4.0 adds support for DDE as 
a client or server either with functions 
at the command line or with Copy/ 
Paste Link for the pulldown menu. It 
performs both warm and hot DDE links 
with either ASCII or binary datatypes... 


Original FFT 





Ver. 4.0 also gives users the ability 
to define their own operations and 
functions to a far greater extent than 
the macros found in the previous ver- 
sion. Specifically, the upgrade marks 
the introduction of a programming 
language called SPL (series processing 
language). Modeled on C, it provides 
all the expected facilities including 
user-defined functions, looping and 
iteration, conditional statements, 
array references and variables. 
Variables can be global to a session 
or local to a function. 

An interesting feature is the hot 
variable, which can contain real or 
complex numbers, strings, data series 
and matrices. A hot variable links 
a formula to a variable so that when 
a dependent element of a formula 
changes, the hot variable automatic- 
ally reevaluates. For example, the 
SPL code fragment: 
size := 10 
W2: Movavg(W1, size) 


For a Free TRIAL 


Circle No. 6 


performs a 10-point moving average on 
the waveform in Window 1 and displays 
the results in Window 2. The := opera- 
tor establishes the hot variable. You 
can explore the effects of changing 

the moving-average length simply by 
reassigning size := 20 so that W2 auto- 
matically updates and shows a plot 
based on that new parameter. 

Also improved is the package’s 
hardcopy facility. Plot titles, legends, 
multiple scales, selectable fonts and 
a Preview mode help users produce 
publication-quality output... 

[T]wo more modules... address 
advanced DSP and control applications. 
The AdvDSP module performs Chirp-Z 
transforms, N-point FFTs independent 
of series length and zoom FFTs. It 
also handles multiple forms of PSD 
estimation (classical, autoregressive 
parametric, moving-average parametric, 
autoregressive moving-average para- 
metric), transfer-function estimates, 
Cepstrum analysis and digital interpola- 
tion. The controls module allows you 
to execute command line or pulldown 
menus, and it addresses the design, 
analysis and simulation of digital and 
continuous open- and closed-loop con- 
trollers for linear single-input/single- 
output dynamic systems. Among its 
algorithms are those that handle PID 
loops as well as lead and lag controllers. 


* Personal Engineering & Instrumentation News 1/95 





DADISP 4.0 


DSP 


Development 
Corporation 


One Kendall Square, Cambridge, MA 02139 
617-577-1133, FAX: 617-577-8211 








Engineers/Volunteers 
read with great interest the 
letter from Marta Viudez 
[March, p. 6] about volunteer- 
ing engineering organizations 
in Spain and France. Here in 
Maryland, we have a group of 
engineers called Volunteers 
for Medical Engineering 
(VME). Members design and 
build special apparatuses for 
people in need of unique de- 
vices to help them live better 
with their disability. For more 
information about VME, con- 
tact Alice Perrella, Executive 
Director, Montebello Rehabil- 
itation Hospital, Baltimore, 
Md., 410-243-7495, fax, 410- 
467-3873. 
David E. Hamm 
Severn, Md. 


Effects of EMF 
| ee read “Today's view 
of magnetic fields” by 
Tekla S. Perry [December, pp. 
14-23], I suggest that before 
any concerned readers seri- 
ously consider spending thou- 
sands, or even hundreds, of 
dollars on “prudent avoidance” 
measures, they should read 
the 300-plus pages of “Health 
Effects of Low-Frequency 
Electric and Magnetic Fields.” 

This report was prepared by 
an 11-member Oak Ridge As- 
sociated Universities Panel for 
a Federal committee on Inter- 
agency Radiation Research 
and Policy Coordination. Its 
conclusions and recommenda- 
tions begin with the sentence: 
“This review indicates that 
there is no convincing evi- 
dence in the published litera- 
ture to support the contention 
that exposure to extremely 
low-frequency electric and 
magnetic fields (ELF-EMF) 
generated by sources such as 
household appliances, video 
display terminals, and local 
power lines are demonstrable 
health hazards." 

The report, dated June 1992, 
is available from the U.S. Gov- 
ernment Printing Office, Su- 
perintendent of Documents, 
Washington, DC 20402. To 
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forum 


order a copy, refer to Publi- 

cation No. 029-000-0044309 

and include a check for $25, 

payable to the Superintendent 
of Documents. 

Lawrence G. Rubin 

Newton Centre, Mass. 


Ao could look at the 
“error bars” reported in 
the article and get the impres- 
sion that EMF exposure is be- 
ginning to look like a real 
cause of cancer, Yet the same 
kind of indication may be ob- 
tained from a table of random 
numbers, where there is no 
real cause for the various 
trends that can be found. 

In other words, if you look 
for unusual statistics in a wide 
enough range of places, you 
are very likely to find occur- 
rences of strictly random clus- 
tering somewhere, even though 
there is no real cause. The 
countervailing “nothing un- 
usual” or “less than usual” 
studies tend to be abandoned 
without publication, since re- 
newals of grants and favorable 
editorial decisions are not often 
forthcoming. (Some “less than 
usual” results were in the [EEE 
Spectrum article, but how many 
were abandoned without pub- 
lication?) 

If a large number of investi- 
gators all set out to find the 
same type of cancer, and if 
almost all of them had found it 
to a large degree, with results 
not discarded, that would have 
been a different story. But then 
we would have expected the 
age-adjusted cancer rates to 
have gone up steadily in the 
United States since about 
1940, when electricity usage 
began to grow exponentially. 
While the occurrences of some 
types of cancer have gone up, 
the rates for other types have 
gone down, and the overall 
age-adjusted rate in the United 
States has been amazingly 
constant over the last half 
century (see The New York Times, 
March 2, 1982, p. C1). 

Daniel Shanefield 
Piscataway, N.J. 


i his letter “Part of the 
problem” [December, p. 4], 
W. G. Brodsky takes the 
broadcasting industry to task 
for failing to report on the 
potential hazards of their RF 
transmissions. As a consultant 
to that industry, I can state 
that Brodsky assumes a level 
of sophistication by radio pro- 
grammers that simply does 
not exist. 

To the contrary, | have fre- 
quently been embarrassed by 
client stations that have not only 
aired such information, but have 
helped to publicize the views of 
some of the quacks in the RF 
field. The typical broadcast pro- 
grammer has not the slightest 
idea of how his efforts travel 
through thin air to reach his au- 
dience, and the last thing he 
would do would be to seek the 
advice of the station's engi- 
neering department in preparing 
programs on the subject. 

If broadcasters are inade- 
quately covering the issue of RF 
exposure, it is not a plot but just 
plain old human ineptitude. 

Neil M. Smith 
Washington, D.C. 


Long arm of the law 
lhe implications of "Keep- 
ing tabs on criminals” by 

Joseph Hoshen, Jim Sennott, 
and Max Winkler [February, 
pp. 26—32] are fascinating. We 
all agree that criminals should 
be controlled, but why stop 
with criminals? How long will 
it be before such systems are 
advocated as ways of keeping 
track of children? 

And to make the transpond- 
ers as trouble-free (and tamper- 
proof) as possible, why not im- 
plant them surgically at birth? It 
is done with livestock, and the 
same or similar devices could be 
used for people. Power is not a 
problem, because such RF-ID 
devices can be passive and 
powered by the interrogating 
device. 

What a brave new world we 
would have. With widespread 
use of electronic funds transfer 
systems (including ATMs), our 





daily financial transactions can 
already be tracked as to 
amount, location, time, and the 
parties involved. Now, with 
this capability to track each of 
us, our dossiers could be up- 
dated in real time. 

The article mentions meth- 
ods for sending physical data in 
one direction and punishments 
and rewards in the other. Just 
think of it: no more crime. No 
more troublemakers. No more 
dissenters. No need for courts, 
or prisons, or laws, or privacy, 
or bills of rights. Just legions of 
obedient people doing and 
thinking exactly what they are 
told by their all-wise leaders. 

Peter Cleaveland 
Plymouth Meeting, Pa. 


Eye on the sky 
s director of the National 
stronomy and lono- 
sphere Center at Cornell Uni- 
versity, | enjoyed Glenn Zor- 
pette's article “Radio astrono- 
my: new windows on the uni- 
verse” [February, pp. 18-25]. 
But in this extensive review, 
the upgrade of the Arecibo 
Radio Observatory was un- 

fortunately omitted. 

As part of an effort funded 
jointly by the National Science 
Foundation and the National 
Aeronautics and Space Admin- 
istration (NASA), the Arecibo 
observatory is undergoing a 
series of major capability en- 
hancements that will dramat- 
ically increase its value to a 
wide range of disciplines in 
radio and radar astronomy. The 
Arecibo upgrade includes a 
number of components. 

One is the Gregorian correc- 
tor system, which will allow 
the extremely large collecting 
area of the Arecibo antenna to 
be illuminated with very high 
efficiency at any frequency 
from approximately 300 MHz 
to above 10 GHz. This im- 
provement will provide radio 
astronomers with the most sen- 
sitive signal-receiving system in 
the world, which will undoubt- 
edly be extremely productive 
in studying pulsars, external 
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galaxies, and molecular and 
atomic gas in the Milky Way. 

The Gregorian system will 
supplement the spherical prim- 
ary reflector by a two-surface 
reflective corrector, allowing 
the use of conventional point- 
like feed horns. This system 
will replace the line feeds pre- 
viously required to illuminate 
the spherical primary. Line 
feeds are effective at fre- 
quencies up to approximately 2 
GHz, but are very limited in 
bandwidth (50 MHz at most) 
and exhibit excessive loss at 
higher frequencies. 

A second component of the 
upgrade is a ground screen, a 
50-ft-tall, inclined reflective 
fence surrounding the 1000-ft- 
diameter spherical primary re- 
flector. The ground screen ter- 
minates spillover radiation on 
the cold sky, rather than on the 
300-K ground, significantly re- 
ducing the total system temper- 
atures when the antenna beam 
is not pointed exactly at the 
zenith. The screen was com- 
pleted in August, and the meas- 
ured reduction in system tem- 
perature that it provides is very 
close to that predicted. 

In addition, the 2.38-GHz 
planetary radar transmitter is 
having its power doubled to 1 
MW. In combination with the 
increase in sensitivity afforded 
by the Gregorian corrector sys- 
tem and the ground screen, this 
will provide an order-of-mag- 
nitude improvement in sen- 
sitivity for studies of distant 
objects in the solar system. Ex- 
tensive, detailed studies of as- 
teroids are only one component 
of the exciting science that will 
be enabled by the upgraded Ar- 
ecibo telescope. 

The Gregorian upgrade will 
also permit enhancements in 
the observatory's capabilities 
for atmospheric science, using a 
430-MHz transmitter as one of 
the main instruments for study- 
ing earth's atmosphere. Having 
the beam from the Gregorian 
available simultaneously with a 
line feed that will be retained 
and can move in angle inde- 
pendently will allow dual-beam 
probing of the atmosphere. 


This approach also enlarges its 
capability for determining wind 
velocities as well as other para- 
meters of the atmosphere. 

The upgrade of the telescope 
itself is being accompanied by 
development of a series of low- 
noise receivers, as well as ex- 
tremely powerful signal-pro- 
cessing electronics. 

A customized very large- 
scale circuit will be the basis of 
an autocorrelation spectrom- 
eter. The chip was developed 
by the National Astronomy 
and Ionosphere Center and the 
NASA Space Electronics Re- 
search Laboratory in Albuquer- 
que, N.M., in conjunction with 
the National Radio Astronomy 
Observatory and the Naval Re- 
search Laboratory. Produced 
by Hewlett-Packard, it has the 
highest density of any large- 
scale non-memory IC yet de- 
veloped and represents an im- 
portant partnership between 
universities and industry on a 
vital technical forefront area. 

Overall, the upgraded Areci- 
bo observatory telescope will 
represent a major facility for 
U.S. and non-US. astronomers 
and atmospheric scientists for 
the foreseeable future. We very 
much hope that the new capa- 
bilities will encourage contin- 
uation of the long series of im- 
portant scientific discoveries 
carried out at the observatory. 

Paul F. Goldsmith 
Ithaca, N.Y. 


he article on radio astro- 
nomy [February, p.18] 
applies the word suction to a 
process for the acceleration of 
electrons. Suction can exist 
only in a pressure field in a flu- 
id, and the concept can only 
describe the opposite of the ap- 
plication of pressure. The term 
needed to describe the accel- 
eration of an electron (or other 
particle) toward a black hole is 
gravitational pull or acceleration. 
Jobn Firth 
firth@hiaras.bia.nrc.ca 


Career comments 

s chairman of the IEEE- 

USAs Career Maintenance 
& Development Committee, | 
was quite pleased to see the arti- 
cles on career issues by John A. 
Hoschette. Career management 
has always been the individual's 


responsibility. However, until 
the 1990s most of us did not 
have to worry about our careers. 
Now the environment is vast- 

ly different. Specifically, engin- 
eers need to focus on how the 
skills they have today match 
their employers’ needs. Will the 
same ones be needed in the fut- 
ure? What others should be de- 
veloped? Skills and knowledge 
assessment is a must for unem- 
ployed and employed engineers. 
Paul J. Kostek 

p-kostek@ieee.org 


A: president of the Soci- 
ety of Women Engineers 
and a member of the IEEE, | 
enjoyed reading John A. Hos- 
chette’s "A mentor in hand” 
[February, pp. 56—58] until | 
reached the section titled “For 
women, a word of caution.” 

First, the Society opened its 
membership to men 20 years 
ago, in 1975. Second, while we 
do give members the oppor- 
tunity to network and learn 
from one other, it is still vir- 
tually impossible for a woman 
engineer to have several men- 
tors, which Hoschette states 
“are an absolute necessity.” In 
over 20 years as a student and 
working engineer, | have made 
contact with many successful 
women engineers, very few of 
whom have had the privilege 
of working with a female men- 
tor, much less several. 

Women in engineering have 
been rising in the management 
ranks, but are spread out over 
the industry. As long as men 
continue to dominate engi- 
neering, women will continue 
to seek men as mentors. When 
they do, they will be wise to 
beware the dangers that are 
“prone to prevent the course of 
the mentoring relationship 
from running smoothly.” 

Jaclyn A. Spear 
Aiken, S.C. 


i “The in-house springboard 
to success” [March, pp. 
62-64], John A. Hoschette 
discusses the manner in which 
to handle internal promotion 
policies but fails to address the 
absurdity of applying for a 
position that is already ear- 
marked for someone else. 

The idea that a company 
would set a policy that asks 


candidates to apply for a job 
they have no hope of getting is 
ridiculous. The pretense of 
wanting to hire the most suit- 
able candidate and not the 
supervisor's favorite demon- 
strates how poorly the firm is 
handling its human resources. 

I believe in the develop- 
ment of personnel from within 
an organization to make them 
suitable for future promotion. | 
also believe in honesty when 
employees do not measure up. 

Do not condone the use of 
an underhanded process to 
give valuable people expecta- 
tions that have no possibility 
of being realized. An easy win- 
win situation for company and 
employee soon becomes lose- 
lose when foolish management 
schemes are revealed. 

R.A. Bemard 
Richmond, B.C., Canada 


Corrections 
i "Where buses cannot go” 
in the February issue, under 
To Probe Further on p. 45, the 
fifth line of the second para- 
graph should have given the 
year of publication of the [EEF 
Computer issue as 1990. 

In the article “Remote sen- 
sing” in the March issue, in the 
first paragraph under “From 
any viewing angle” on p. 29, 
the Orthomax ought to have 
been cited as a product and 
registered trademark of Vision 
International, a commercial di- 
vision of Autometric Inc., of 
Alexandria, Va. Vision Inter- 
national not only developed 
but also maintains and markets 
Orthomax, which is also mar- 


keted through Erdas.—Ed. 


Readers are invited to comment 
in this department on materi- 
al previously published in /EEE 
Spectrum, on IEEE policies 
and operations, and on mat- 
ters of interest to the profes- 
sion. Short, concise letters are 
preferred. The Editor reserves 
the right to limit debate on 
controversial matters. Con- 
tact: Forum, /EEE Spectrum, 
345 E. 47th St., New York, NY 
10017, U.S.A.; fax, 212-705- 
7453. The e-mail (Internet) 
address is n.hantman@ ieee. 
org. For more information, 
call 212-705-7305 and ask for 
the Author's Guide. 
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Call for Proposals 
THE CATALYST FOUNDATION 


invites proposals for funding of 


INTERDISCIPLINARY WORK INVOLVING 
ANALOG OR MIXED ANALOG-DIGITAL 
INTEGRATED CIRCUIT DESIGN AND 
ANALYSIS 


The goal of the Foundation is to con- 
tribute to the decompartmentalization of 
scientific and engineering research. To 
provide a concrete paradigm, it fosters 
university cross-disciplinary research pro- 
jects in which at least one discipline is 
related to analog or mixed analog-digital 
integrated circuit design and analysis. 
Preference is given to projects that help 
diffuse such work geographically. The 
research support provided by the 


books 


Art for computer's sake 
BART KOSKO 


at is art? Art is what an artist 
does. Then what is an artist? 
A type of function. An artist 


maps experience to symbols. She con- 
verts the inputs of life into colors or mus- 
ical tones or words or dance twists. She 
may express herself in a shout when she 
stubs her toe in the dark, but the shout 
does not come from a set of structured 
symbols. So most of us would not regard 
it as art. 

In the same way, we tend not to 
view as art the random walking of a 


tem if they use enough neurons or rules 
and sample enough data. Noise or chaos 
might vary the rules to a search for new 
minima of some aesthetic cost function. 
So we may not need to scratch Beethov- 
en's bones, regene him in Jurassic Park 
style, and train his clone on his old works 
to get his next 9 or 9000 symphonies. We 
can just train model-free nets with his old 
works and thus seed art space with a new 
set of Beethoven patterns. 

Some evidence for this approach al- 
ready exists. Neural pioneer Teuvo Ko- 
honen of Helsinki University has built a 


Digital Mantras: 


The Languages 
of Abstract and 
Virtual Worlds. 


cat on a piano keyboard or the shiver- 
ing of a dancer who has the flu. The 
artist must map experience to sym- 
bols for the result to count as art. Life 
is the grist for the artist's symbol mill. 
This view of the artist as function 
reflects what abstract painter Wassily 


Foundation is in the form of grants. 


Holtzman, Steven R., 
MIT Press, 
Cambridge, Mass., 
1994, 460 pp., 
$29.95 


Only proposals for genuinely interdiscipli- 
nary work will be considered for funding. 
The proposals must normally be submit- 
ted jointly by more than one university 





investigators, with two being optimum, 
each working in a different discipline. 
Under exceptional circumstances, a pro- 
posal submitted by only one investigator 
who wants to venture into a discipline 
different from his /her own may be con- 
sidered. In either case, one of the disci- 
plines involved must be related to analog 
or mixed analog-digital integrated circuit 
design and analysis, with this discipline 
enhancing, or being enhanced by, other 
discipline(s) involved. The emphasis of 
the grants is on doctoral student support, 
with some limited funds also available 
for equipment and miscellaneous expens- 
es, supervisor travel and conference 
attendance, and a best paper award. 


Interested parties should write for infor- 
mation and proposal preparation guide- 
lines to: 


Yannis Tsividis, President, or 
Ken Suyama, Vice President, 


CATALYST FOUNDATION 
1312 S. W. Mudd Building 
Columbia University 

500 West 120 Street 

New York, NY 10027, USA 
FAX (212) 663-7203 
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Kandinsky meant when he said that 
the “inner desire of the artist express- 
es itself in different ways’—to each 
his own function. And the function of art 
changes as the artist's brain adapts to new 
inputs, as the artist looks for new symbol 
ways to express himself and for new 
inputs to excite that expression. Sampling 
behavior drives creative output. Here the 
best creative advice comes from behavior- 
ist B. F Skinner: Vary your stimuli. 

The view of art as function in addition 
opens the door to computer automation. 
Machine intelligence is a model-free form of 
function approximation. It gives a type of 
smart black box that maps inputs to out- 
puts. No one guesses at a math model of 
the throughput process or “plant.” The 
expert holds the new chick to the light 
and then puts it either in the hen pile or 
the rooster pile. He has no idea of the 
equations that define the nonlinear boun- 
dary between hens and roosters in some 
chick pattern space of stunningly high 
dimension. He does it by feel or trained 
intuition—and so does the artist. 

Neural networks can learn some of an 
artist's intuitions by training on the artist's 
symbol patterns. Neural nets can better 
and better approximate the artist's func- 
tion with more and more training pat- 
terns. The same holds true for fuzzy sys- 
tems that employ neural schemes to tune 
the fuzzy patterns in their IF-THEN rules. 

Both neural and fuzzy systems are uni- 
versal function-approximators. In theory 
these approximators can model any sys- 





neural musical grammar system that 
learns the rough patterns of sampled 
styles—from medieval madrigals to J. S. 
Bach's two- and three-part inventions to 
modern jazz and Latin improvisation. 
Kohonen’s neural compositions have 
often played as background music during 
the welcoming party of the IEEE interna- 
tional neural conferences. Researchers in 
Korea and Japan have recently combined 
chaotic search with neural-fuzzy systems 
to arrange music in chosen styles. Music 
remains the sound of math. 

You will find no mention of these sys- 
tems or of the neural-fuzzy approach of 
function approximation in Steven Holtz- 
man's new book on computer music, 
Digital Mantras: The Languages of Abstract and 
Virtual Worlds. The author recasts his the- 
sis work and travels in India into a “book 
that aims to establish an aesthetic foun- 
dation for the use of computers for cre- 
ative expression in language, music, art, 
and virtual reality.” But Holtzman views 
his subject from the symbolic viewpoint of 
early 1980s' computer science and “artifi- 
cial intelligence": thought as a language 
string. He does not seem aware of the 
numerical approaches to the same sub- 
ject, even though in 1991 his publisher 
MIT Press published the neural-net vol- 
ume Music and Connectionism. 

Holtzman sees the digital computer as 
the final symbol manipulator in a long 
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line of failed starts and lesser symbol sys- 
tems. These range from the musical scales 
of the ancient Greeks and the grammars 
of ancient Sanskrit scholars to Leibniz's 
logic schemes and calculators and 
Kandinsky’s visual grammars. It all leads 
up to the symbol crunching of artificial 
intelligence: “An assumption of artificial 
intelligence is that the world can be rep- 
resented symbolically, that knowledge can 
be represented in terms of the structure 
defining how the objects of this symbolic 
universe relate and interact, and that 
thinking and intelligence can be described 
in terms of rules... The computer is essen- 
tially a structure manipulator.” 

That last remark contains the book's 
main conclusion: the symbolism of com- 
puter science goes hand in hand with the 
structuralism in the formal grammars of 
Noam Chomsky, the rule-based atonal 
music of Pierre Boulez, and the pop philos- 
ophy of French intellectuals. “To under- 
stand is to grasp deep structure,” Holtzman 
says. "Emotion is structure...Structure is 
meaning... Technology is a tool for investi- 
gating the cosmic truths found in struc- 
ture.” And so on. He extends the symbolic 


world view of the logical positivists of the 
1930s to modern painting and music and 
computer art. What results is a clear ac- 
count of how artists or machines produce 
“modern art.” 


f course, the trouble with much 
Ov art is that it tastes bad. 
And the more the artist relies on 
formal structures like 12-tone rows or 
color grammars, the worse it tends to 
taste. We want the artist to create some- 
thing that we cannot and that comports 
with our fuzzy notions of beauty. We 
find that in the works of Shakespeare and 
Bach and Michelangelo. These artists 
worked with finely honed intuitions or 
neural associative memories, not with 
explicit rules of construction. The worst 
screenplay uses the same rough rules of 
drama that Shakespeare used. And the 
kind of rules Bach could state were for 
the most part the negative rules of coun- 
terpoint: avoid parallel voices in unison 
or perfect fifths. 
The great artists show their artistry by 
searching out largely unstructured 
regions of their art space or by bending 
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or breaking the working rules of their art 
forms. Most of them would find it easier 
to program a robot to sculpt twisted- 
bronze “art” pieces for posh shopping 
malls than to program it to sculpt marble 
statues in the style of Michelangelo. It is 
one thing to give a computer rules but 
quite another to give it intuition. 
Holtzman finds some support for his 
art-as-structure thesis in the beauty of 
fractals. A simple repeated equation or 
rule can grow nonlinear boundaries in the 
plane that delight the eye. And random- 
dot stereograms now make for small best- 
selling books of neat things to look at or 
taxing textures to put on gift cards or 
place mats. But the beauty of fractals and 
stereograms came as an afterthought or 
an after-perception. Scientists first used 
them as a means to explain things and 
not as artistic ends in themselves. 
Holtzman points to less compelling 
data from computer music or the atonal 
serial music that composers write more 
by head than heart. “Electronic sounds 
were completely alien thirty years ago," 
he writes. “Today they are heard every- 
where. Even scratching sounds and noise 
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It’s easy to use, 
MicroWaveLab features solids geometry, ye aa 
fully automated 3-D meshing, fast and efficient solvers, 


and microwave component characterization in the format you want. 
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Rzeszewski, Theodore S., IEEE Press, 
Piscataway, N.J., 1995, 591 pp., 
$69.95 (list price), $56.00 (member 
price). 


and language have evolved in all cultures 
and how computers and engineering may 
accelerate their evolution in the future. In 
this sense the book is a noble effort. Art 


WOOK 





are now part of the accepted sound world 
of rap music and MTV." 

That may be so, and rap music may be 
fun and full of social punch. But who 


the humanities. 


is too fine a thing to leave in the hands of 


The Collapse of Chaos: Discovering 
Simplicity in a Complex World. 





thinks rap music is beautiful? Friedrich 
von Schelling said last century that 
“architecture is frozen music.” One hates 
to picture the gray bombed-out struc- 
tures that would come from “freezing” rap 
or atonal serial music. 

The book comes with a compact disk of 
samples of Holtzman’s own music. These 
are short solo works and atonal in the bar- 
gain. The liner notes tell of the rule-based 
grammars and the stochastic transition 
matrices that led to the works. His “Solo 
for Harp” shows how the medium can be 
much of the message: on a harp even 
pseudo-random atonal notes sound pleas- 
ant. Some of the pure computer “struc- 
tures” sound a lot like what one hears on a 
walk through a video arcade. 

Digital Mantras succeeds in its telling of 
musical and structuralist history but fails 
in its synthesis of the two. The reader 
will learn a great deal about how music 


1995, 636 pp., $75. 


Bart Kosko is director of the University of 
Southern California’s (USC's) Signal and 
Image Processing Institute and an associ- 
ate professor of electrical engineering. He 
wrote the popular book and international 
best-seller Fuzzy Thinking as well as the 
Prentice Hall texts Neural Networks and 
Fuzzy Systems, Neural Networks for Signal 
Processing, and the new Fuzzy Engin- 
eering, to appear this fall. He won a full 
scholarship in music composition to USC 
when he was 17 years old and finished his 
first symphony when he was 18. 


recent books 


Ball Grid Array Technology. Ed. Lau, 
Jobn H., McGraw-Hill, New York, 


Digital Video: Concepts and Ap- 
plications Across Industries. Ed. 


Cohen, Jack, and Stewart, lan, Penguin 
Books, New York, 1994, 495 pp., 
$13.95. 


Energy Effective Industrial Illuminating 
Systems. Chen, Kao, Fairmont Press, 
Lilburn, Ga., 1994, 180 pp., $69. 


The Small Business Computer Guide. 
Beckman, Joseph S., Digital Press/ 
Butterworth-Heinemann, Woburn, 
Mass., 1995, 374 pp., $29.95. 


Confessions of a Used Program Sales- 
man: Institutionalizing Software 
Reuse. Tracz, Will, Addison-Wesley, 
New York, 1995, 256 pp., $19.50. 


Sendmail: Theory and Practice. Avolio, 
Frederick M., and Vixie, Paul A., Digital 
Press/Butterworth-Heinemann, Wob- 
urn, Mass., 1995, 262 pp., $29.95. 
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World's Fastest A/D Cards 












12 bit, 60 MSPS 


8 bit, 250 MSPS 


Up to 8 Meg Memory 
Up to 32 Inputs 
61 dB SNR 
Low Noise 
LabVIEW Driver 
C & BASIC Drivers 
Free Software Support 


PCI Bus Version 
Coming Soon!! 


CSLITE 8 bit/40 MSPS/ 16K $595 


CS250 = 8 bit/ 100 MSPS/32K = $3,500 
CS$2125 8sbit/250MSPS/256K $4,995 
CS1012 12bit/20MSPS/512K $4,995 
CS6012 12bit/60MSPS/512K $6,995 


U.S. Prices. International prices may vary. 


1-800-567-GAGE 


Ask for extension 3408 


GaGe 


Gage Applied Sciences Inc. 


5465 Vanden Abeele, Montreal, Quebec, Canada H4S 1S1 
Tel : (514) 337-6893. Fax : (514) 337-8411, BBS : (514) 337-4317 
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PLEASE NOTIFY US 4 WEEKS IN ADVANCE 


Name 


IEEE Member # 





Address 


ellogg Center, East 
; Ron Fox, NSCL, 





> University, East 
8824-1321, 





City 


State/Country 


Zip 


fax, 517-353-5967, 
cl.mscl.mcu. edu. 





Please print. 
This notice of address change will apply to all publica- 
tions to which you subscribe. 


List new address above. 


call 1-800-678-IEEE. 





| 
| 
| 
If you have a question about your subscription, please 
} 
| 
! 
! 
! 


e-mail, s.phillips@ieee.org. 


Microwave and Millimeter-Wave 
Monolithic Circuits Symposium 
(ED); May 15-16; Orange County 
Convention Center, Orlando, Fla.; 

Val Peterson, Hewlett-Packard Co., 
1412 Fountaingrove Parkway, Building 
1, Santa Rosa, CA 95403; 
707-577-2304, fax, 707-577-4090. 


Real-Time Technology and Applications 
Symposium (C); May 15-17, Bismark 
Hotel, Chicago; Theodore P. Baker, 
Department of Computer Science, 
Florida State University, Tallahassee, FL 
32306-4019; 904-644-2296. 

fax, 904-644-0058, 

e-mail, baker@cs. fau.edu. 


International Conference on 
Multimedia Computing and Systems 
(C); May 15-18; Sheraton Premiere 
Hotel, Vienna, Va.; Arun Sood, 
Department of Computer Science, 
George Mason University, 4400 
University Dr., Room 430, Fairfax, VA 
22030-4444, 703-993-1524, 
fax, 703-993-3729, e-mail, 
ICMCS95@cs.gmu.edu. 


Nee 


Forum on Resear§ch and Technology 
Advances in Digital Libraries (C), 
May 15-19; Digital Libraries, Washing- 
ton, D.C.; Milton Halen, Goddard Space 
Flight Center, NASA, Greenbelt, MD 
20771; 301-266-8834; fax, 301-286- 
1777, e-mail, mhalen@gssemail.nasa.gov. 


International Microwave Symposium— 


MTT '95 (MTT); May 15-19; Orange 
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tro-Optics and Quan- 
cs and Laser Science 
‘CLEO/QELS (LEOS), 
iltimore Convention 
ind, IEEE/LEOS, 445 

x 1331, Piscataway, NJ 
108-562-3893; 

434. 


theast Bioengineering 
MB), May 22-23, College 
Bar Harbor, Me.; Seth 
3arrows Hall, University 





178, Building 965, Thompson Place 
Box 3453, Sunnyvale, CA 94088, 
408-749-4213, fax, 408-749-5585. 


t 


National Telesystems Conference— 
NTC ‘95 (AES, MTT, Orlando Sec- 
tion); May 17-19, Orange County 
Convention Center, Orlando, Fla.; 
NTC ‘95, LRW Associates, 1218 
Balfour Dr., Arnold, MD 21012; 
410-647-1591; fax, 410-647-5136. 


Pacific Rim Conference on Communi- 
cations, Computers, Visualization 
and Signal Processing (Victoria C), 
May 17-19, Victoria Conference 
Centre, B.C., Canada; Mary O'Rourke, 
Conference Services, University of 
Victoria, Victoria, BC V8W 2Y2, 
Canada; 604-721-84656. 


Third ACM Symposium on Solid 
Modeling and Applications (C); 
May 17-19; Red Lion Hotel, Salt Lake 
City, Utah; Mike Pratt, National Insti- 
tute of Science and Technology, Build- 
ing 220, Rm. A127, Gaithersburg, MD 
20899-0001; 301-975-3951; fax, 301- 
258-9749, e-mail, pratt@cme. nist.gov. 


Wireless Personal Communications: 
A Telecommunications Revolution 
(COM), May 18; United Engineering 
Center, New York City; Jim Barbera, 
333 Seventh Ave., New York 10001; 
212-594-7688, fax, 212-465-8877, 
e-mail, j.p.barbera@ieee.org. 


Ninth Conference on Real-Time 
Computer Applications in Nuclear, 
Particle and Plasma Physics (NPS), 


of Maine, Orono, ME 04469-5708, 
207-581-2234; fax, 207-581-2220, 
e-mail, wolpcit@maine.maine.edu. 


45th Electronic Components and 
Technology Conference—ECTC 
'95 (CMPT); May 22-24, Caesars 
Palace, Las Vegas, Nev.; Peter J. Walsh, 
Electronic Industries Association, 2001 
Pennsylvania Ave., N.W., Washington, 
DC 20006; 202-457-4932. 


International Workshop on 
Applications of Neural Networks to 
Telecommunications—Iwannt '95 
(COM); May 22-24; Royal Swedish 
Academy of Engineering Science, 
Stockholm, Sweden; Joshua Alspector, 
Bellcore, MRE 2P-396, 445 South 
Street, Morristown, NJ 07960; 
201-829-4929, fax, 201-829-5888, 
e-mail, josh@bellcore.com. 


Fifth Dual-Use Technologies and 
Applications Conference (Mohawk 
Valley Section); May 22-25; State 
University of New York at Utica/Rome; 
Dawn Farry, Suny IOT at Utica Rome, 
Box 3050, College Relations Office, 
Utica, NY 13504-3050, 315-792-7113, 
fax, 315-792-7222, e-mail, dawn_ 
farry@barney.info.sunyit.edu. 


International Conference: Industrial 
Automation and Control: Emerging 
Technology Applications (IA); 
May 22-27, National Taipei Institute 
of Technology, Taiwan, Paul I-Hai Lin, 
1U-Purdue University, 2101 Coliseum 
Blvd. E., Fort Wayne, IN 46805; 
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Safe Engineering Services & technologies Itd. 
544 Viel, Montreal, Quebec, Canada, H3M 1G4 
Tel.: (514) 336-2511 Fax: (514) 336-6144 
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Gage Applied Sciences Inc. 


5465 Vanden Abeele, Montreal, Quebec, Canada H4S 1S1 
Tel : (514) 337-6893. Fax : (514) 337-8411, BBS : (514) 337-4317 


PCI Bus Version 
Coming Soon!! 


CSLITE 
CS250 

CS$2125 
CS$1012 
CS6012 
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12 bit, 60 MSPS 


8 bit, 250 MSPS 
Up to 8 Meg Memory 


C & BASIC Drivers 
Free Software Support 





8 bit / 40 MSPS / 16K $595 

Bbit/100 MSPS/32K $3,500 
8 bit/250 MSPS/256K $4,995 
12 bit/20MSPS/512K $4,995 
12 bit/60MSPS/512K $6,995 
U.S. Prices. International prices may vary. 
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Up to 32 Inputs 
61 dB SNR 
Low Noise 
LabVIEW Driver 
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IEEE members attend more than 5000 
IEEE professional meetings, confer- 


ences, and conventions held through- 
out the world each year. For more 
information on any meeting in this 
guide, write or call the listed meeting 
contact. Information is also available 
from: Conference Services Department, 


Workshop on Interconnections Within 
High Speed Digital Systems (COM, 
LEO); May 14-17; Picacho Plaza 
Hotel, Santa Fe, N.M.; Samantha 
Phillips, IEEE/LEOS, Box 1331, 
Piscataway, NJ 08855-1331, 
908-562-3894; fax, 908-562-8434, 
e-mail, s.phillips@ieee.org. 


Microwave and Millimeter-Wave 
Monolithic Circuits Symposium 
(ED); May 15-16; Orange County 
Convention Center, Orlando, Fla.; 
Val Peterson, Hewlett-Packard Co., 
1412 Fountaingrove Parkway, Building 
1, Santa Rosa, CA 95403; 
707-577-2304, fax, 707-577-4090. 


Real-Time Technology and Applications 
Symposium (C); May 15-17; Bismark 
Hotel, Chicago; Theodore P. Baker, 
Department of Computer Science, 
Florida State University, Tallahassee, FL 
32306-4019; 904-644-2296, 

fax, 904-644-0058, 
e-mail, baker@cs. fau.edu. 


International Conference on 
Multimedia Computing and Systems 
(C); May 15-18; Sheraton Premiere 
Hotel, Vienna, Va.; Arun Sood, 

Department of Computer Science, 
George Mason University, 4400 
University Dr., Room 430, Fairfax, VA 
22030-4444, 703-993-1524, 
| fax, 703-993-3729, e-mail, 
ICMCS95@cs.gmu.edu. 


| Forum on Resear§ch and Technology 
Advances in Digital Libraries (C), 
May 15-19; Digital Libraries, Washing- 
ton, D.C.,; Milton Halen, Goddard Space 

: Flight Center, NASA, Greenbelt, MD 

20771; 301-266-8834, fax, 301-286- 


1777, e-mail, mhalen@gssemail.nasa.gov. 


International Microwave Symposium— 
MTT '95 (MTT), May 15-19; Orange 
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IEEE Service Center, 445 Hoes Lane, Box 
1331, Piscataway, NJ 80055; 908-562- 
3878; submit conferences for listing to: 
Ramona Foster, IEEE Spectrum, 345 E. 
47th St., New York, NY 10017; 212-705- 
7305. For additional information on 
hotels, conference centers, and travel 
services, see the Reader Service Card. 





County Convention Center, Orlando, 
Fla.; G. K. Huddleston, 506 Lisa Lane, 
Maitland, FL 32751, 407-339-0336, 
fax, 407-356-7201. 


University/Government/Industry 
Microelectronics Symposium (ED), 
May 16-18; J. J. Pickle Research Center, 
University of Texas, Austin; Mahboob 
Khan, Advanced Micro Devices, MS 
178, Building 965, Thompson Place, 
Box 3453, Sunnyvale, CA 94088, 
408-749-4213, fax, 408-749-5585. 


National Telesystems Conference— 
NTC ‘95 (AES, MTT, Orlando Sec- 
tion); May 17-19; Orange County 
Convention Center, Orlando, Fla.; 
NTC ‘95, LRW Associates, 1218 
Balfour Dr., Arnold, MD 21012, 
410-647-1591, fax, 410-647-5136. 


Pacific Rim Conference on Communi- 
cations, Computers, Visualization 
and Signal Processing (Victoria C); 
May 17-19; Victoria Conference 
Centre, B.C., Canada; Mary O'Rourke, 
Conference Services, University of 
Victoria, Victoria, BC V8W 2Y2, 
Canada; 604-721-84656. 


Third ACM Symposium on Solid 
Modeling and Applications (C); 
May 17-19; Red Lion Hotel, Salt Lake 
City, Utah; Mike Pratt, National Insti- 
tute of Science and Technology, Build- 
ing 220, Rm. A127, Gaithersburg, MD 
20899-0001; 301-975-3951, fax, 301- 
258-9749, e-mail, pratt@cme. nist.gov. 


Wireless Personal Communications: 
A Telecommunications Revolution 
(COM); May 18; United Engineering 
Center, New York City; Jim Barbera, 
333 Seventh Ave., New York 10001; 
212-594-7688; fax, 212-465-8877, 
e-mail, j.p.barbera@ieee.org. 


Ninth Conference on Real-Time 


Computer Applications in Nuclear, 
Particle and Plasma Physics (NPS); 


May 21-25; Kellogg Center, East 
Lansing, Mich.; Ron Fox, NSCL, 
Michigan State University, East 
Lansing, MI 48824-1321, 
517-353-1678, fax, 517-353-5967, 
e-mail, fox@rscl.mscl.mcu. edu. 


Lasers and Electro-Optics and Quan- 
tum Electronics and Laser Science 
Conference—CLEO/QELS (LEOS), 
May 21-26; Baltimore Convention 
Center, Maryland; IEEE/LEOS, 445 
Hoes Lane, Box 1331, Piscataway, NJ 
08855-1331, 908-562-3893, 
fax, 908-562-8434. 


21st Annual Northeast Bioengineering 
Conference (EMB), May 22-23, College 
of the Atlantic, Bar Harbor, Me.; Seth 
Wolpert, 5708 Barrows Hall, University 
of Maine, Orono, ME 04469-5708, 
207-581-2234, fax, 207-581-2220, 
e-mail, wolpcit@maine.maine.edu. 


45th Electronic Components and 
Technology Conference—ECTC 
"95 (CMPT); May 22-24; Caesars 
Palace, Las Vegas, Nev.; Peter J. Walsh, 
Electronic Industries Association, 2001 
Pennsylvania Ave., N.W., Washington, 
DC 20006; 202-457-4932. 


International Workshop on 
Applications of Neural Networks to 
Telecommunications—Iwannt ‘95 
(COM); May 22-24; Royal Swedish 
Academy of Engineering Science, 
Stockholm, Sweden; Joshua Alspector, 
Bellcore, MRE 2P-396, 445 South 
Street, Morristown, NJ 07960; 
201-829-4929; fax, 201-829-5888, 
e-mail, josh@bellcore.com. 


Fifth Dual-Use Technologies and 
Applications Conference (Mohawk 
Valley Section); May 22-25; State 
University of New York at Utica/Rome; 
Dawn Farry, Suny IOT at Utica Rome, 
Box 3050, College Relations Office, 
Utica, NY 135043050, 315-792-7113, 
fax, 315-792-7222, e-mail, dawn_ 
farry@barney.info.sunyit.edu. 


International Conference: Industrial 
Automation and Control: Emerging 
Technology Applications (IA), 
May 22-27; National Taipei Institute 
of Technology, Taiwan, Paul I-Hai Lin, 
IU-Purdue University, 2101 Coliseum 
Blvd. E., Fort Wayne, IN 46805, 
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oft Windows NT Workstation is the most powerful cree operating 
i Mtolmelelmastercie ota Late ah engineering, scientific and manufacturing 
tions. Both your 32+ and ea bit applications will benefit from Windows 
Orkstation’s robust architecture, preemptive multi-tasking, network 
, security and full’ ee protection. And you can share data between 
productivity Peierls and the new generation of 32-bit applications. 





drive your 





why expect less 


from your softw 


Microsoft® Windows NT™ 


Workstation, 


Just imagine running 
sophisticated soft- 
ware from Intergraph, 
Autodesk, VIEWlogic 
and other industry- 
leading vendors in the 
Windows® environment 
on standard PC hard- 
ware. The good news is, you can. 

With Microsoft Windows NT 
Workstation, you get the power of 
a traditional workstation system 
combined with the ease of use and 
compatibility of Windows. 

To improve your productivity and 
efficiency, Windows NT Workstation 
allows easy integration of worksta- 
tion applications with standard 
productivity applications. And it lets 
you work without resource limits. 


because the most 
powerful ideas 
are often based upon 
the most 


simple solutions. 


You can run multiple 
applications simul- 
taneously, gather 
data from instru- 
ments, or complete 
complex tasks like 
rendering technical 
drawings and plotting 
schematics without getting those 
nagging “out of memory” errors. 

Windows NT Workstation reduces 
system downtime and service calls 
by giving you robust operating 
system features. You get crash 
protection with the ability to run 
both 16-bit and 32-bit applications 
in separate memory spaces, and 
complete data protection, ensuring 
that your data is secure from tam- 
pering or user error. 





Best of all, Windows NT Work- 
station allows you to maximize 
price/performance. You can choose 
the Intel®, AlphaAXP"-, MIPS® or 
PowerPC” based system that best 
meets your needs and be assured 
that your applications will run on 
any of them. 

After all, creativity should never 
be limited by anything. Especially 
your operating system. 


© 1995 Microsoft Corporation. All rights reserved. For information 
only: In Canada call (800) 563-9048. Microsoft, the Windows 
logo, Where do you want to go today?, Windows and Windows NT 
are either registered trademarks or trademarks of Microsoft 
Corporation in the United States and/or other countries. AlphaAXP 
is a trademark of Digital Equipment Corporation. Intel is a registered 
trademark of Intel Corporation. MIPS is a registered trademark of 
MIPS Computer Systems, Inc. PowerPC is a trademark of International 
Business Machines Corporation. 
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= For more information, or for the name of a reseller near you, call (800) 583-0034, Dept. RTU 


VIEWlogi¢ 
INTERGRAPH 


Software Spectrum 
(800) 824-3323 


or call one of the following Microsoft resellers directly: 


Softmart 
(800) 243-6292 ext. 817 


Corporate Software ASAP 
(800) 808-1667 


(800) 248-ASAP 








It’s not if, 
TR al) 0 oe 


Power problems are the largest 
cause of data loss on your PC. Get 
complete protection for just $119! 


#@-. Don’t come out on the losing end of a 
» struggle with your utility line. Start- 

ing at $119 list, Uninterruptible 
Power Supplies from APC pro- 
vide instant battery backup to 

: save your work in progress and pro- 
tect your hard drive, plus up to a 
4$25,000 guarantee (see details) 

47 against surge damage to equipment. 
So ask for APC...it’s not if 
you’ll need us, it’s when. 





Call for your 

| FREE 60-pg. 

| guide. Ask for 
Dept. S8. 
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The most comprehensive, contemporary 
TUL DRO a A 


THE ELECTRICAL 
ENGINEERING 
HANDBOOK 


edited by Richard C. Dorf 
Co-published with CRC Press 


The most up-to-date and extensive refer- 
ence available for electrical engineers, 
this handbook should be on every engi- 
neer’s bookshelf. It features over 2,600 
pages brimming with valuable defini- 
tions, tables and formulas from over 250 


leading authors, professors and research- 
ers in the field. A must for all electrical, 
computer and electronics engineers; tech- 
nical managers and advanced students. 


For IEEE Members Only! 


IEEE Member Price: $75.00 
List Price: $94.95 ° 


1993 Hardcover 2,692 pp 
IEEE Order No, PC3947 


For fastest service, call 
1-800-678-IEEE 
(1-908-981-0060 outside the U.S.) 
or fax: 1-908-981-9667 


The Institute of Electrical and Electronics Engineers, Inc. 
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219-481-6339, fax, 219-485-4269, e- 
mail, lin@smtplink.ipfw.indiana.edu. 


International Conference on Robotics 
and Automation (RA); May 22-27; 
Nagoya Congress Center, Nagoya, 
Japan; Toshio Fukuda, Department of 
Mechano-Informatics and Systems, 
Nagoya University, Furo-cho, 
Chikusa-Ku, Nagoya 464—01, Japan; 
(81+52) 781 5111, ext. 4478. 


International Symposium on Power 
Semiconductor Devices and Inte- 
grated Circuits (ED); May 23-25; 
Yokohama Convention Center, Japan; 
Toshiaki Yachi, Nippon Telegraph and 
Telephone Corp., NTT Interdisci- 
plinary Research Laboratory, 9-11, 
Midori-Cho, Musashino-shi, Tokyo 
180, Japan, (81+422) 59 3129, 
fax, (81+422) 59 2172. 


International Symposium on 
Intelligence in Neural and Biological 
Systems (C),; May 29-31; Hyatt Hotel 
at Dulles Airport, Herndon, Va.; Niko- 
laos G. Bourbakis, Department of Elec- 
trical Engineering, Binghamton Uni- 
versity (SUNY), Binghamton, NY 
13902; 607-777-2165; fax, 607-777- 
4822, e-mail, bourbaki@bingsuns. 
cc. binghamton.edu. 


International Symposium on Electron, 
Ion and Photon Beams (ED); 
May 30-June 2; Scottsdale Conference 
Resort, Arizona; John N. Randall, 
Texas Instruments Inc., 13588 N. 
Central Expressway, MS 134, Dallas, 
TX 75243; 214-995-2723, 
fax, 214-995-2836. 


Fifth Symposium on Wireless Personal 
Communications (VT); May 31—June 2; 
Donaldson Brown Hotel and Conference 
Center, Blacksburg, Va.; Jack Lilly, 
Virginia Polytechnic Institute and State 
University, Blacksburg, VA 24061-0104; 
703-231-4849, fax, 703-231-3746; e-mail, 
jacklily@vtvm1.cc.vt.edu. 


International Frequency Control Sym- 
posium (UFFC); May 31—June 2; Fair- 
mont Hotel, San Francisco, Calif.; 
Michael R. Mirarchi, Synergistic Man- 
agement, 3100 Rte.138, Wall Town- 
ship, NJ 07719; 908-280-2024; fax, 
908-681-9314. 


International Symposium on VLSI 
Technology, Systems and Applica- 
tions (C, ED, et al.); May 31—June 2; 





Hyatt Hotel, Taipei, Taiwan; Genda J. 
Hu, Cypress Semiconductor, MS/1-1, 
3901 N. First St., San Jose, CA 95134; 
408-943-4861, fax, 408-943-2118. 


Holm Conference on Electrical 
Contacts (CPMT), June 4-11; 
Radisson Governeurs Hotel, Montreal; 
Holm Conference Registrar, IEEE 
Technical Activities, 445 Hoes Lane, 
Box 1331, Piscataway, NJ 8855-1331; 
908-562-3895, fax, 908-562-1571; 
e-mail, e.hager@ieee.org. 


37th Cement Industry Technical 
Conference (IA); June 5—8; Caribe 
Hilton Resort and Casino, San Juan, 
PR.; Jose A. Alustiza, Puerto Rican 
Cement Co., Box 364487, San Juan, 
PR 00936-4487, 809-783-3000; 
fax, 809-781-8850. 


22nd International Conference on 
Plasma Sciences—Icops (NPS); 
June 5-8; University of Wisconsin, 
Madison; Maureen Sundell, The 
Wisconsin Center, 702 Langdon St., 
Madison, WI 53706, 608-262-5514; 
fax, 608-262-8516. 


Eighth International Conference on 
Industrial and Engineering Applica- 
tions of Artificial Intelligence and 
Expert Systems (C); June 5-9; Hilton 
on the Park, Melbourne, Australia; 
Moonis Ali, Department of CS, South- 
west Texas State University, San Mar- 
cos, TX 78666-4616; 512-245-3409, 
fax, 512-245-8750; e-mail, ma04@ 
academia.swt.edu. 


Symposium on VLSI Technology 
(ED); June 6-8; Kyoto Grand Hotel, 
Japan; Hiroyoshi Komiya, ULSI 
Laboratories, Mitsubishi Electric, 

4—1 Mizuhara, Itam-ishi, Hyogo 664, 
Japan, (81+727) 82 5131; fax, 
(81+727) 80 2685. 


International Conference on Con- 
sumer Electronics—ICCE (CE); 
June 7-9, Westin Hotel O'Hare, 
Rosemont, Ill.; Diane D. Williams, 67 
Rasberry Patch Dr., Rochester, NY 
14612-2868, 716-392-3862, fax, 
716-392-4397. 


Conference on Insulating Films on 
Semiconductors (ED); June 7-10; 
Grand Hotel de Paris, Villard-de-Lans, 
Grenoble, France; Sorin Cristolo- 
veanu, LPCS, Enserg, BP 257, 23, Rue 
Des Martyrs, 38016 Grenoble, Cedex 
1, France; (33+76) 85 60 40; fax, 
(33+76) 85 60 70. 
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Here are just a few of 
the titles on the 
EvaluWare CD-ROM for 
EE’s and physicists: 


PlotiT 3.1 for Windows 
PDEase 

AXUM 3.0 

EasyPlot 

BMDP New System 
SigmaPlot 

Vortex 

Graphica 

Interactive Image Display 
Spectral Analysis on a PC 
NONLIN 

SIM2NL 

SIMSTAT 

KURV+ for Windows 
GRAFPAPR 

Xmath 


O-Matrix 
Macsyma 

VisSim 

PC Advantage 
Math Advantage 
Cumulative Binomial 
Programs 
SYMBMATH 
ZGRAFWIN 
FSU-ULTRA 
Conversion Master 
RPCalc32 
MATHEXTRA 


QuickField 

FEMIS 

ELCUT 

A Method of Moments Code 
for Electromagnetic 
Scattering 

Microwave Beam Power 
Transmission at an 
Arbitrary Range 


Propagator 

O'INCA Design Framework 
A Neural Network 
Development Tool 

The Visible Neural Network 
Neural Planner 

NNTutor Intro 














EVALUW ARE 


The easy way to evaluate 
engineering & scientific software 
before you buy 


At last! An easy way to try out engineering and scientific 
software packages before you make a major investment. 
EvaluWare™ CD-ROMs put a multitude of specialized 
software packages at your fingertips -- so you can com- 
pare and evaluate them instantly. No more wasting time 
searching for hard-to-find applications. And no more 
wasting money on software that doesn’t meet your needs. 


The EvaluWare CD-ROM is not just a catalog -- it con- 
tains actual, fully functional DOS and Windows™ based 
software packages for you to try out. These applications 
were selected specifically for EEs and physicists and 
include numerous commercial packages, the most useful 
programs from the NASA COSMIC library, and lots of 
hard-to-find shareware for you to test drive. 


When you've completed your test drives and you’re ready 
to buy, just call our toll-free number with a credit card 
number or purchase order. We'll give you an access key 
so you can instantly download the software to your hard 
drive, then we'll mail you the retail package and manual. 


Call today 1-800-842-4669 


Call now for your value-packed EvaluWare CD-ROM at the 
special introductory price of only $29.95 plus shipping and 
handling. Or if you'd like a detailed description of the soft- 
ware packages included, visit our Web site at 
http://InternetOne.com/InfoNow. 


*We'll refund the full purchase price of your EvaluWare CD 
when you order your first software package from us. 


T 
t 


» 


InfoNow 


1640 Range Street, Boulder, Colorado 80301 Fax: (303) 786-8473 


System requirements: Windows 3.1, DOS 5 or above, CD-ROM drive, 4 MB RAM, 10 MB disk space. EvaluWare and CyberMart are trade- 
marks of InfoNow Corporation. Windows is a trademark of Microsoft Corporation. Alll software titles are property of their respective owners 


Circle No. 30 





+ zi | om, 
w al enGda’r 
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First International Conference on 


Multiagent Systems—Icmas ‘95 (C); 
June 12—14; San Francisco Hilton and 
Towers; Victor Lesser, Computer and 
Information Science Department, Uni- 
versity of Massachusetts, Amherst, MA 
01003, 413-545-1322; e-mail, lesser@ 
cs.umass.edu. 


Workshop on Higher-Order Statistics 


(SP); June 12-14; Parador de 
Aiguablava, Girona, Spain; Javier R. 
Fonollosa, Department of Signal 
Theory and Communications, 
Universitat Politécnica de Catalunya, 
Apartado 30.002, 08071 Barcelona, 
Spain; (34+3) 401 7052, fax, (34+3) 
401 6447; e-mail, fono@tsc.upc.es. 


GA 30332-0250; 404-894-2927, 
fax, 404-894-2997, 


Intensive Course on Electrical 
Contacts (CPMT); June 12—16; 
Holiday Inn Chicago; Holm 
Conference Registrar, IEEE Technical 
Activities, 445 Hoes Lane, Box 1331, 
Piscataway, NJ 08855-1331; 
908-562-3870; fax, 908-981-1769. 


Pulp and Paper Industry Conference 
(IA, Vancouver); June 12-16, Westin 
Bayshore, Vancouver, B.C., Canada; 
Philip Fransen, Fransen Engineering 
Ltd., 210-3031 Viking Way, 
Richmond, BC V6V 1W1, Canada; 
604-270-7728, fax, 604-270-6252. 


32nd Design Automation Confer- 
ence (CAS), June 12-16; Moscone 
Center, San Francisco; MP 
Associates Inc., 5305 Spine Rd., 


Massachusetts Institute of Technology, 
Cambridge; Dimitri Metaxas, Depart- 
ment CIS, University of Pennsylvania, 
206 South 33rd St., Philadelphia, PA 
19104-6389, 215-898-0945; 

fax, 215-898-0587. 


International Conference on 


Communications (COM), June 
18-21, Seattle Sheraton Hotel and 
Towers, Washington; Michael Lupton, 
US West Communications, 

1005 17th St., Denver, CO 80202; 
303-896-7657; fax, 303-896-8481. 


Stockholm Power Tech (PE); June 


18-22, Royal Institute of Technology, 
Stockholm, Sweden; Roland Eriksson, 
Department of Electric Power Engin- 
eering, Royal Institute of Technology, 
S-100 44 Stockholm, Sweden; (46+8) 
790 7988; fax, (46+8) 205 268; 
e-mail, stockholm95@ekc.kth.se. 





Power Electronics Specialist 
Conference—PESC '95 (PEL); June 
12-15; Swissotel, Atlanta, Ga.; Hans 
B. Puttgen, School of Electrical and 
Computer Engineering, Georgia 
Institute of Technology, Atlanta, 


Workshop on Physics-Based Modeling 
in Computer Vision (C); June 18-19; 


Suite A, Boulder, CO 80301; 
303-530-4333, fax, 303-530-4334; 
e-mail, mpa@dac.com. 


International Symposium and USNC/ 
URSI Radio Science Meeting (AP); 
June 18-23; Newport Beach Marriott 
Hotel and Tennis Club, California; 
William Imbriale, Jet Propulsion 





Smallest 
position 
Jetta 
eA ey 


For the tightest installations, Kaman’s 0.080-inch 
diameter sensor lets you resolve microscopic 
displacements down to 4 microinches at 50 kHz, 
without contact. Ideal for both magnetic and non- 
magnetic materials, this sensor is only one of 
Kaman’s 24 standard sensors that let you see 
small changes in position. Call us for details. 


Kaman Instrumentation, 1500 Garden of the Gods 


Road, Colorado Springs, Colorado 80907 
Phone 719-599-1825, Fax 719-599-1823 


800-552-6267 
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Vata 
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By Simon Haykin, McMaster University Communications 
Research Library 
Co-published with Macmillan and IEEE Computer Society Press 


ee ccc cece ccc cece ccc ccesceseseesesssesesee ese ssees ss eee 


Written from an engineering perspective, NEURAL NETWORKS pro- 
vides a comprehensive, up-to-the minute treatment of the field, com- 
plete with incisive examples, challenging problems and computer-ori- 
ented experiments. The material is presented in a clear and easy-to- 
understand style, with derivations as complete and simple as possible. 
Itintroduces common models and algorithms in a thorough and straight- 
forward manner and is filled with examples so that readers can see real 
applications of neural networks. 


JEEE Member Price: $56.00 
List Price: $69.95 
IEEE Order No. PC4036-PDM = ISBN 0-02-352761-7 
1994 Hardcover 720pp 


FOR FASTEST SERVICE, CALL TOLL-FREE (IN USA) 
1-300-673-IEEE 
FAX 1-908-981-9667; PHONE 1-908-981-0060 


The Institute of Electrical and 
Z Electronics Engineers, Inc. 
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Laboratory 144-201, 4800 Oak Grove 
Dr., Pasadena, CA 91109-8099, 818- 
354-5172; fax, 818-393-6743, e-mail, 
imbriale@ voyager.jpl.nasa.gov. 


Device Research Conference (ED); 
June 19-21; University of Virginia, 
Charlottesville; Umesh K. Mishra, 
Department of Electrical and Comput- 
er Engineering, University of 
California, Santa Barbara, CA 93106, 
805-893-3586, fax, 805-893-2149. 


Digital Cross Connect Systems Work- 
shop VI (COM); June 19-22, Banff 
Park Lodge, Banff, Alta., Canada; 
Richard Hamley, Stentor Resource 
Centre Inc., Room 500, 160 Eigin St., 
Ottawa, ON, K1G 3J4, Canada; 613- 
781-7969, fax, 613-563-7411. 


Fifth International Conference on 
Computer Vision (C); June 20-23, 
Massachusetts Institute of Technology, 
Cambridge; Eric Grimson, MIT Al 
Laboratory, 545 Technology Square, 
Cambridge, MA 02139; 617-253- 
5346; fax, 617-258-6287, e-mail, 
welg@ai.mit.edu. 


American Control Conference—ACC 
"95 (CS), June 21-23, Westin Hotel, 
Seattle, Wash.; Glen Masada, Depart- 
ment of Mechanical Engineering, Uni- 
versity of Texas, Austin, TX 78712; 
512-471-3061, fax, 512-471-7682. 


Electro International (Region 1); June 
21-23; Hynes Convention Center, 
Boston; Registration Office, 13760 
Noel Rd., Suite 500, Dallas, TX 
75240-4332; Kathryn Piersall, 
214-419-7969, fax, 214-419-7915; or 
Paul Baudisch, 617-444-5543. 


Seventh International Conference on 
Software Engineering and Knowledge 
Engineering (C), June 22-24, Holiday 
Inn Crowne Plaza, Rockville, Md.; 
Victor R. Basili, University of Maryland, 
Department of Computer Science, A. V. 
Williams Building, Room 4111, College 
Park, MD 20742; 301-405-6228, e-mail, 
basili@tame,cs.umd.edu. 


Transducers—International Solid-State 


Sensors and Actuators Conference 
(ED); June 25-29, City Conference 
Center, Stockholm, Sweden; Beril Hok, 


Hok Instrument AB, Flottiljgatan 55, 
S-721 31 Vasteras, Sweden; (46+21) 
80 00 99, fax, (46+21) 80 10 09. 


Tenth Conference on Computer 


Assurance (AES), June 26—30, 
National Institute of Standards and 
Technology, Gaithersburg, Md.; 
Bonnie Danner, TRW Systems 
Division, One Federal Systems Park 
Drive, Fairfax, VA 22032-4417, 
703-876-4383; fax, 703-876-4304. 


Symposium on Computers and Com- 


munications (C, COM), June 27-29, 
Hotel in Montazah, Alexandria, Egypt; 
Mastafa Hasham Sherif, AT&T Bell 
Laboratories, Room 3G-607, 101 
Crawfords Corner Rd., Holmdel, NJ 
07733; 908-949-0439, fax, 908-949- 
7575, e-mail, mhs@hogpd.att.com. 


25th International Symposium on 


Fault-Tolerant Computing (C), June 
27-30; Doubletree Hotel, Pasadena, 
Calif.; John A. Rohr, Jet Propulsion 
Laboratories, MST-1704, Pasadena, 
CA 91109-8099, 818-354-4096, 
e-mail, john.a.rohr@jpl.nasa.gov. 
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Our Electromagnetic Design 
Software is a long running 
success, based on over 20 years 
continuous development at the 
forefront of finite element 
technology. For the design of the 
smallest micro motor to the largest 
accelerator, the latest OPERA 
software has star quality. With 
legendary modules like TOSCA 
and ELEKTRA, the experts 

agree, the OPERA 







Eos i ae ae 
suite gives Scans 
a stunning AR 


performance. 
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VECTOR FIELDS 
SOFTWARE FOR ELECTROMAGNETIC DESIGN 


Vector Fields Limited, 

24 Bankside, Kidlington, 
Oxford OX5 1JE, England 
Tel: +44 (0)865 370151 
Fax: +44 (0)865 370277 


Vector Fields Inc., 

1700 North Farnsworth Av., 
Aurora, IL 60505. USA 

Tel: (708) 851 1734 

Fax: (708) 851 2106 
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ZIC/USA'95 


31st ANNUAL INTERNATIONAL TELEMETERING CONFERENCE (ITC) 


Re-engineering Telemetry 


October 30-November 2, 1995 
Riviera Hotel and Convention Center 
Las Vegas, Nevada 


Extensive Technical Program 
Including Papers On: 


New Applications 

Cost-Saving Designs 

High Data Rates 
Miniaturization/Portable Systems 
Innovations in Telemetry 
Real-Time Processing 
International Commonality 
Industrial Applications 

BTcTcLUAVAc LORS TILL LAe 
Advanced Concepts 


Introductory and Advanced Telemetry 
Short Courses 


Displays and Exhibits from more than 
100 Telemetry Suppliers 


Call Now to Reserve Booth Space 


In the West, Call: 
Bill Grahame 
Exhibit Chairman 
(619) 674-5100X4076 (813) 377-5566 
Fax (619) 674-5154 Fax (813) 378-6905 


Registration Packets Available in July. 
For more information,call 
Norm Lantz (310) 336-4200 / Fax (310) 336-6885 


In the East, Call: 
Wiley Dunn 
Exhibit Vice Chairman 
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Global Engineering Management: Emerging Trends in 
Asia Pacific (EM, Singapore EM Chapter); June 28-30; 
Convention Center, Singapore; Gurdeep S. Hura, Nanyang 
Technological University, School of Applied Science/ 
Computer Technology, Nanyang Avenue, Singapore 
2263; (65) 799 1271, fax, (65) 792 6559; 
e-mail, ashura@ntuvax.ntu.ac.sg or g.hura@ieee.org. 


International Engineering Management Conference—EM ‘95 
(EM, Singapore/EM Chapter); June 28-30, Pan Pacific Hotel, 
Singapore; Conference Secretariat, Conference & Travel Manage- 
ment Associates Pte. Ltd., 425A Race Course Rd., 0821, Singa- 
pore; (65) 299 8992, fax, (65) 299 8983. 


july 


Hong Kong Electron Devices Meeting (ED); July 1; University 
of Hong Kong; Peter P-T. Lai, Hong Kong University, Clear 
Water Bay, Kowloon, Hong Kong; (852) 2859 2691; 
fax, (852) 2559 8738. 


Magnetic Recording Conference (MAG); July 10-12; Carnegie 
Mellon University, Pittsburgh; Mardi Geredes, IIST, Santa 
Clara University, Santa Clara, CA 95053, 408-554-5478; 
fax, 408-554-5474. 


Fifth International Conference on Conduction and Break- 
down in Solid Dielectrics (DEI); July 10-13; University of 
Leicester, England; John Fothergill, Department of Engineering, 
Leicester University, Leicester, LEI 7RH, England; (44+533) 
522 569, fax, (44+533) 522 619 or 522 525. 


International Geoscience and Remote Sensing Symposium 
(GRS); July 10-14; Congress Centre, Florence, Italy; Paolo 
Pampaloni, IROE-CNR, via Panciatichi 64, 50127 Firenze, 
Italy; (39+55) 423 51; fax, (39+55) 410 893. 


International Symposium on Industrial Electronics—ISIE ‘95 
(IE); July 10-14, Intercontinental Hotel, Athens, Greece; E. 
Micheli-Tzanakou, Department of Biomedical Engineering, 
Rutgers University, Box 909, Piscataway, NJ 08855-0909; 
908-932-2037. 


Seventh Brazilian Workshop on Semiconductor Physics (Rio 
Section); July 16-21; Catholic University of Rio de Janeiro, 
Brazil; P. L. Souza, Cetuc-Puc-Rio, Rua Marques de Sao Vicente 
225, CEP 22453, Rio de Janeiro, Brazil; (55+21) 239 7425, fax, 
(55+21) 294 5748, e-mail, semic95@cetuc.puc-rio.br. 


Radiation Effects Data Workshop (NPS); July 17; Holiday Inn 
Madison West, Middleton, Wis.; Dale G. Platteter, Naval Sur- 
face Warfare Center, Code 605, Building 2088, 300 Highway 
361, Crane, IN 47522-5001; 812-854-1808; fax, 812-854-3806. 


Nuclear and Space Radiation Effects Conference—NSREC 
(NPS), July 17-21; Holiday Inn Madison West, Madison, Wis.; 
John J. Silver, UTMC, 1575 Garden of Gods Rd., Colorado 
Springs, CO 80907; 719-594-8474; fax, 719-594-8187. 


16th International Congress on Instrumentation in 
Aerospace Simulation Facilities—ICIASF ‘95 (AES); July 
18-21, Hope Hotel and Conference Center, Wright-Patterson 


Continued on p. 70E2 
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With Power Macintosh and the Mac OS, you can use 
multiple monitors at once. So, for example, you can 
work with two levels of a design, each on its own 
monitor. Or track automated analyses on one screen 
While you express your ideas on another. 


SIMA Om VOU ReO ICG! 


call it aworkstation. 






















The Power Macintosh’ is one of the most 


powerful PCs in existence. It runs the Mac’0S, : ; eo. Every Power Mac” can read, write and format disks 
oo a a for DOS, Windows and OS/2. And every Power Mac 
of course. DOS and Windows, too” It can run oe 8 ee tats you Opa and work with DOS and Windows files. 


If you need more compatibility than that, the Power 


Ss ; : ; : : is Macintosh 6100/66 DOS Compatible includes both a 
UNIX? It runs all kinds of advanced design, ;\ [a 66 MHz 486DX2 and a PowerPC” 601 chip in one PC 


engineering and analysis software at acceler- 


ated speeds — from CAD and 3-D modeling 


; i — 
to data acquisition and analysis. Ethernet com- 2 : ? j Power Macintosh has the raw horsepower you need 
ah aeaes : ' : ‘ee j to accomplish the most amazing things. Like desk- 
patibility is built in. And, because it employs , to-desk videoconferencing with our innovative new 
Re j QuickTime’ Video Conferencing. And 3-D visualiza- 
a high-speed RISC microprocessor, it outper- ’ tion with QuickTime VR and QuickDraw” 3D. 


forms Pentium-chip-based PCs by up to 92%: 
In short, it does everything youd expect a 


Laide Na Tats i ¢ Atthe heart of every Power Macintosh is a RISC-based 
higher-priced, dedicated workstation to do. ’ PowerPC microprocessor. Itruns cool. Efficiently. And 


a ‘ fast. So fast, in fact, that it outperforms Pentium 
Only it’s a Macintosh’ 


Which means you can sit down, turn it on 


and get to work. You can connect to printers, ie co 
] : Hundreds of scientific, engineering and design pro- 


plotters, modems and more, simply by plug- ; grams—such as MiniCAD, MicroStation, LabVIEW, 
: i Vellum, Sketch!, Mathematica, Photoshop, StatView 
ging them in. You can share informationwith eo ne and more —have been accelerated for Power Mac, 


colleagues across the hall. Across continents. 


oe ‘ C \ i Discover the PC that does 
And, best of all, across computing platforms. | ‘se MM | more. To learn more about 
alls 5 j ‘ ’ Hi keenteSa how Power Macintosh brings 
All of which adds up to a unique kind of : , som workstation power to ne. 
’ i desktop, call 800-487-6813 to receive info by fax. 
power no workstation can ever hope to match. ; : Or call 800-554-3848, and ask for ext. 750 to 


receive a free Power Mac Solutions Kit by mail. 


That’ right. The power to be your best: 


The business Macintosh: 


Apple @ 


“The Power Macintosh 6100/66 DOS Gommpatible, and other Power Macintosh models 
using SoftWindows from Insignia Solutions, run MS-DOS 6.2 and Windows 3.1. ‘For 
for the 1995 Ingram study comparing Power Mac computers to Pentium: 
based compulers running Windows. © 1995 Apple Computer, Inc. All rights 
reserved. Apple, the Apple logo, Macintosh, QuickTime and “The power to be your best 
are registered trademarks of Apple Computer, Inc. Mac, Power Mac, Power Macintosh 
and QuickDraw are trademarks of Apple Computer, Inc. PowerPC is a trademark of 
International Business Machines Corporation, used under license therefrom. All 
Apple products are designed to be accessible to individuals with disability 
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Cuts foreseen for 
engineering projects 


ngineering and science, although “a 
very high priority of this nation,” 


can expect cuts in direct Federal 
support, House Science Com- 
mittee chairman Robert Walk- 
er (R-Pa.) told an American As- 
sociation of Engineering Soci- 
eties symposium in March. Re- 
search support has to be viewed 
in the context of a US $6 tril- 
lion national economy, he said, 
rather than of a $1.5 trillion 
Federal budget. By marshaling 
forces within the entire econo- 
my, the Government could use 
regulations and tax policies as 
alternatives to boost R&D investments, ac- 
cording to the science committee chair. 

Walker said he approves of giving small 
companies precompetitive technology 
grants that generically help a broad indus- 
try. But, he also told the audience, the Ad- 
vanced Technology Program (ATP) of the 
National Institute of Standards and Tech- 
nology has become a form of corporate 
welfare. “If you look down the ATP list, it 
looks like the Fortune 500," he said. 

Under Secretary of Commerce Mary 
Good said the “rumor is not correct” that 
the ATP will be killed. True, the House vot- 
ed to reduce ATP's 1995 funding of $431 
million by $107 million, while the Senate 
wanted to rescind $32 million. (The houses 
later reached a $90 million compromise.) 
Nevertheless, she declared, “Neither of 
those numbers augurs a dead program.” 

Big companies, Good noted, sponsor 
the bulk of R&D and have the resources to 
turn the precompetitive, cost-shared ATP 
projects into products. Small companies 
often collaborate on those projects, she 
added. Of 177 ATP awards since 1990, 88 
went to small businesses or to joint ven- 
tures led by small businesses. 

Good said that the ATP should clearly 
not be allowed to grow indefinitely into a 
mini-National Science Foundation. But, at a 
$700 million annual level, she believes, it 
could be a key national program with five 
strategic programs renewed each year. 


U.S. technology lead shrinks 
Ithough the United States remains 
equal or superior to Japan and Europe 

in 27 technology areas deemed critical to 

national and economic security, its lead in 
many of these areas is slipping, according 
to the National Critical Technologies Re- 
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port, which was released on March 21 to 
President Bill Clinton. The report was pre- 
pared under the direction of the White 
House Office of Science and Technology 
Policy with assistance from Rand Corp.'s 
Critical Technologies Institute. 

ULS. research is on a par 
with that in Japan in six areas, 
including nanofabrication, sen- 
sors, and pollution control. In 
10 areas, the United States has 
a substantial lead, and in 11 a 
slight lead. But the trend of the 
last four years indicates Japan's 
rate of advance is outpacing 
that of U.S. research in com- 
munications, materials, avion- 
ics and seven other areas. 

The United States has a sub- 
stantial lead over Europe in only one area 
(human-machine interfaces), a slight lead 
in 18 areas, and parity in seven. (One area 
was not considered a benchmark for Eur- 
ope.) In the past four years, Europe has 
narrowed the gap in four research areas. 

Copies of the report are available from 
Linda Tanner of Rand Corp. at 202-296- 
5000, ext. 5692. 


Engineers net Capitol jobs 
he level of Capitol debate may be 
raised this year by four engineers re- 
cently selected for IEEE-U.S. Activities 
Government fellowships. One will work 
in the Department of Commerce, while 
three will serve as congressional fellows. 

James C. Dennison, who will serve as 
an executive fellow (supported in part by 
the Alfred P. Sloan Foundation), is to 
work with Commerce Under Secretary 
Mary Good. Dennison is vice president 
for engineering of Information Optics 
Corp., Issaquah, Wash. 

Robert Duane Shelton will serve Re- 
presentative Lloyd Doggett (D-Texas), a 
member of the House Science Committee 
and its subcommittee on basic research. 
Currently, he is director of the International 
Technology Research Institute at Loyola 
College in Baltimore, Md. 

Donald M. Wiberg joins the office of 
Senator Tom Harkin (D-lowa), where he 
hopes to help in shaping energy and de- 
fense policy. He is a professor in the elec- 
trical engineering department at the Uni- 
versity of California at Los Angeles. 

Paul B. Crilly, a 1994 congressional 
fellow, has had his tenure extended for an 
extra year by IEEE-USA at the request of 
Representative Dana Rohrabacher (R- 
Calif.), the newly appointed chairman of 


on watch 


the House Science subcommittee on en- 
ergy and the environment. Crilly is asso- 
ciate professor of electrical engineering at 
the University of Tennessee in Knoxville. 

More information on the program is 
available from Chris Brantley of IEEE-USA 
at 202-785-0017 or c.brantley@ieee.org. 


Reorganizing the bureaucracy 
Reerrticans and Democrats are duel- 

ing with each other over the revam- 
ping of Government. In March, to sup- 
plement a $20 billion savings plan an- 
nounced in December, President Clinton 
outlined $13 billion in cuts at NASA, the 
Department of Interior, the Small Business 
Administration, and the Federal Emer- 
gency Management Agency. 

Republicans are considering scrapping 
departments. Those mentioned include 
Commerce, Energy, Transportation, and 
Housing and Urban Development. 

All of this may make it easier to create 
a new Department of Science, an old 
idea revived by House Science Commit- 
tee chairman Robert Walker. This cabi- 
net-level entity would combine parts of 
the disbanded Commerce and Energy de- 
partments with the National Science 
Foundation, the Environmental Protection 
Agency, and NASA. (Notable exclusions 
would be research at the Defense Depart- 
ment and National Institutes of Health.) 
Walker hopes such a department would 
help rationalize spending. 


Last gasp for OTA? 

he Congressional Office of Technol- 

ogy Assessment “probably will not 
survive the next cut for next year," predict- 
ed House Science Committee chairman 
Robert Walker at a briefing of District of 
Columbia science writers. Although the 
agency conducts decent studies, it is not in 
sync with the legislative cycle, he said. 

OTA director Roger Herdman admit- 

ted the elimination prospect is "serious." 
The $22-million-a-year agency with 185 
staffers has volunteered a 20 percent cut, 
and has promised to speed its delivery of 
peer-reviewed reports. It has also prepared 
for the Senate a study of OTAs impact 
over the last three years. “We've done some 
good things," Herdman said. Possible 
future study topics include risk assessment, 
space launches, and drug regulation. [See 
"The office of technology assessment: an 
endangered species worth saving,” [EEE 
Spectrum, February 1995, pp. 13-14.] 





JOHN A. ADAM, Washington Editor 
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Crumple Zones 








ONLY ONE OF THESE SAFETY FEATURES 
CAN HELP YOU AVOID AN ACCIDENT. 





CONTROL UNIT 


SENSOR 


THROTTLE SENSOR 


Subaru All-Wheel Drive 





It seems every carmaker today is tout- _ have the best grip. It’s a technologically Subaru sells more all-wheel drive cars in 


ing its advanced safety features. The trouble 

is, you have to get into an accident before 
you can see how well they work. 
AVOIDING TROUBLE. 

Embodied in the new Subaru Legacy 

is our belief that the best way to sur- 

vive an accident is to avoid one. ¢ 

Which is why the Legacy 


offers the active 


The New All-Wheel Drive Legacye 
LS Station Wagon 


safety of Subaru All-Wheel Drive to supple- 
ment traditional passive safety features 


like dual air bags* and energy-absorb- 








ing crumple zones. 
Subaru All-Wheel Drive de- 


livers power to all four wheels. 





yf as, 











But should the system sense an 
impending loss of traction on 


a slippery surface, power is 


sem y 





tie 








advanced system that gives you the con- 
fidence of outstanding traction when 
and where you need it. Along with a 


better chance to avoid an accident. 









AVOIDING NOTHING. 
There are some things you don’t 
want to avoid. Like camping trips 
and ski vacations that happen to 
involve mud and snow. As condi- 
tions change, the All-Wheel 
Drive system shifts power 





between the front and rear wheels 





helping to provide the traction 





instantly redirected to 


whichever set of wheels 





to handle about anything. 


One of the reasons why 


America than all other makes combined.”* 
AVOIDING EXPENSES. 

Safety has its price. At least it did before 
the new Subaru Legacy arrived. Maintenance 
= costs are modest. 
Fuel mileage 


is better 






than a front-wheel drive Honda Accord 
Wagon.t And starting at just $15,999," 
even the price of a new Legacy is safely 


within reach. 

So call I-800-WANT-AWD to learn 
more about all the advanced safety features 
of the new All-Wheel Drive Legacy. Includ- 


ing the ones you may never need. 


SUBARU. @& 
The Beauty of All-Wheel Drive: 


















“Always wear seat belts. ""Based on the R.L Polk 
& Company Registration Statistics for year-end 
1993. Based on comparison of EPA city fuel 


economy estimates for 1995 Subaru Legacy and 1995 Honda Accord Wagon. f+} Manufacturer's suggested retail price of Legacy Brighton 
AWD M/T Wagon. Price does not include inland transportation, taxes, license and title fees. Dealer's actual price may vary. Pictured is 
LegacyAWD LS Station Wagon. MSRP is $21,820. Certain items shown are optional equipment available at an additional charge. 
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The Product Development Challenge: 
Competing Through Speed, Quali- 
ty and Creativity. Ed. Clark, Kim B., 
and Wheelwright, Steven C., Harvard 
Business School Press, Boston, 1994, 
448 pp., $32.50. 


AS/400 System Administration Guide. 
Gamble, Jesse, and Merrow, Bill, McGraw- 
Hill, New York, 1995, 402 pp., $45. 


CDMA: Principles of Spread Spec- 
trum Communication. Viterbi, Andrew 
J., Addison-Wesley, New York, 1995, 
272 pp., $59.25. 


Manufacturing Renaissance. Pisano, 
Gary P,, and Hayes, Robert H., Harvard 
Business School Press, Boston, 1995, 
384 pp., $29.95. 


Object-Oriented Client/Server Appli- 
cation Development: Using Object- 
PAL and C++. Ayer, Steve, McGraw- 
Hill, New York, 1995, 206 pp., $40. 


Emerging Patterns of Innovation: 


Sources of Japan's Technological 
Edge. Kodama, Fumio, Harvard Univer- 
sity School Press, Boston, 1995, 320 
pp., $35. 


Computational Learning Theory and 
Natural Learning Systems. Eds. Han- 
son, Stephen Jose, et al., MIT Press, Cam- 
bridge, Mass., 1994, 449 pp., $42.50. 


From EDI to Electronic Commerce: A 
Business Initiative. Sokol, Phyllis K., 
McGraw-Hill, New York, 1995, 305 
pp., $40. 


Stochastic Processes, Estimation, and 
Control: The Entropy Approach. 
Saridis, George N., John Wiley & Sons, 
New York, 1995, 230 pp., $69.95. 


Introduction to Wave Scattering 
Localization, and Mesoscopic Phe- 
nomena. Sheng, Ping, Academic Press, 
New York, 1995, 339 pp., $69.95. 


Personal Computer Interfaces: Macs to 
Pentiums. Hordeski, Michael, McGraw- 
Hill, New York, 1995, 379 pp., $55 
(hardcover), $39.95 (paperback). 





Internetworking: Designing the Right 
Architectures. Smythe, Colin, Addison- 
Wesley, New York, 1995, 473 pp., 
$37.75. 


Fundamentals of Optical Fibers. Buck, 
John A., John Wiley & Sons, New York, 
1995, 264 pp., $59.95. 


Electric Power System Protection and 
Coordination: A Design Handbook 
for Overcurrent Protection. Anthony, 
Michael A., McGraw-Hill, New York, 
1995, 395 pp., $50. 


Operational Amplifier Circuits: Anal- 
ysis and Design. Nelson, Jobn C.C., 
Butterworth-Heinemann, Boston, 1995, 
138 pp., $22.95. 


Rendezvous with ADA 95, 2nd edi- 
tion. Naiditch, David J., John Wiley & 
Sons, New York, 1995, 598 pp., 
$44.95. 


Radio-Frequency and ELF Electromag- 
netic Energies: A Handbook for 
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Ride the Wave! 


WaveToo!™ puts the power of wavelet and multirate 
filter design and analysis into your hands. 
Quickly and easily apply wavelet methods to a wide variety of signal oy 


processing and telecommunications applications. WaveTool 
provides a powerful alternative to existing Fourier techniques. And 





A MUST FOR ALL POWER ENGINEERS! 
A Self-Study Course for Every Power Engineer, 
Including Plant and Utility Engineers at ALL Levels 


From IEEE’s Educational Activities 


FAULT CALCULATIONS OF 
INDUSTRIAL/COMMERCIAL 
POWER SYSTEMS ‘ 





ity 


you don’t have to learn a new language or make a big investment. ee self-study course reviews the fundamental theory and 
practical requirements to perform short-circuit calculations 





\WaveToo!” features include: 


> An interactive UNIX or Windows based tool for wavelet and 
multirate filter design and algorithm prototyping. 


> Point and click graphical user interface. 


processing. 








MATLAB compatible. 











plus extensive algorithm prototyping capability. 





Put WaveTool to work for you today. For more information, 
a free demo, or to order call: 


617-577-1700 
FAX: 617-577-1710. 
_ e-mail: sales@aware.com 
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> Interactive graphical display of filter bank designs and wavelet 


Available in two versions: WaveTool Filter Design and WaveToo! 
Signal Analysis, offering all the features of WaveTool Filter Design 


AWARE, Inc. Vj 


on industrial and commercial power distribution systems, 
according to Chapter 6 of the IEEE Red Book (i.e., ANSI/IEEE 
Standard 141-1986). The results of these calculations are then 
used for the proper selection of short-circuit capabilities of low 
and medium voltage power circuit breakers and fuses. This 
course should be particularly useful to power engineering stu- 
dents and practicing power engineers who are employed as plant 
engineers with heavy industrial and commercial customers, util- 
ity engineers who work at the distribution level, and power engi- 
neering consultants. 


Includes: Comprehensive study guide/answer book, final exam, 
textbook (Power Systems Analysis by Arthur Bergen, Prentice 
Hall), IEEE Red Book ANSI/IEEE Standard 141-1986, 8 


CEUs, Certificate of Achievement upon completion. 


IEEE Member Price $259.00 
List Price $399.00 
Order Number: HL4598-PZP — ISBN: 0-7803-0350-4 


FOR FASTEST SERVICE 
CALL TOLL FREE (IN USA) 1-800-678-IEEE 
© FAX 1-908-981-9667 * PHONE 1-908-981-0060 
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you drink 
lemonade only in 


the summer. 


Yurset =... 


this good. 


there aren’t enough 
days in the week. 





Now Ask Yourself Life is full. It’s especially so when you're 


If You Have The Right Insurance. raising a family. And there’s probably no better 
time to start questioning your insurance plan. 


As a member of IEFE, you can get the 
insurance that gives you peace of mind. But 
unlike most insurance plans, ours will move , 


IEE ® with you, from town to town, from job to 
Abu NT f i job. Perhaps most important, we offer group 
A A E rates that won’t put the squeeze on your 
Ore RA. MM 
Term Life ° Disability Income Protection family budget. 


Comprehensive HealthCare ¢ Excess Major Medical Ti i with t ‘ 
In-Hospital ¢ High-Limit Accident ¢ Long Term Care O Speak WIth a customer service repre- 


Cancer Expense Insurance * Small Business sentative, call 1 800 493-IEEE (4333), or in 
The term life, disability income protection and high-limit accident Washington, DE (202) 457- 6820, between 8:30 


plans are underwritten by the New York Life Insurance Company, ? 
51 Madison Avenue, New York, NY 10010. a.m. and 8:00 p.m. eastern time. 





TURN DATA INTO INSIGHT — FAST 
Transform data into dynamic graphs and 
images with IDL, the pioneering software 

for interactive data analysis and application 
development. Quickly gain insight, draw con- 
clusions, and make well-informed decisions — 
without complex coding or the limits of 
closed applications. 


WORK SMARTER, NOT HARDER 

IDL dramatically improves the productivity 
of engineers, scientists, and developers by 
combining data manipulation, analysis, and 
display within an integrated computing 
environment. Answers come into view fast, 


accelerating the process of discovery and 
innovation. IDL is so valuable, it often 
becomes an organizational standard and the 
foundation of mission-critical applications. 


REDUCE DEVELOPMENT TIME 

Rapidly prototype solutions and see results 
“on the fly” using IDL’s vast library of func- 
tions. Develop applications using a high-level, 
array-oriented programming language in a 
fraction of the time spent using C or Fortran. 
If you analyze images or data from tests, 
experiments or simulations — or write appli- 
cations for other people — IDL will help you 
do the job faster. 


SEE GREAT RESULTS 

Quickly see and explo 

data using XY plots, cu 

surfaces, plus advanced image processing, vol- 
ume rendering, and animation. IDL’ versatility 
makes it simple to read virtually any type of 
data. Make the anal} even smoother 
with built-in number-crunching functions — 
from autocorrelation and linear algebra to 
time-series analysis and wavelet transforms. 
It’s all there in one place when you need it. 


WHY START FROM SCRATCH? 


Exploit ID's proven ability to create robust 
applications in far less time than it takes to 


GERMANY CREASO, GmbH 49 8105 25055¢ 100137.2421@compuserve.com FRANCE Fast Parallel Solutions 33 1 46 87 25 22° 100347. 1577@compuserve.com UK Floating Point Sys. UK Ltd. 44 734 776333eken@floating.demon.co.uk 





The Answers 


To Your Questions... 


program from scratch. A few IDL functions 
can do the job of hundreds of lines of C or 
Fortran, without sacrificing flexibility or per- 
formance. Plus, IDL can call C or Fortran func- 
tions or share data with external processes to 
leverage other software investments. Developers 
using C, C++, or Fortran can also call IDL as a 
data analysis and visualization library, and 
avoid the time required to create and main- 
tain homegrown routines. 


CHANGE HARDWARE WITHOUT 
CHANGING SOFTWARE 


Deliver solutions across Unix, Windows, 
Windows NT;" Macintosh® and VMS" — without 


time-consuming code changes. Your point- 
and-click applications look great, because 
IDL’s portable GUI tools use each platform’s 
native widgets and controls. The result? Users 
put solutions to work immediately on any 
computer, without lots of training. And devel- 
opers satisfy a larger group of users and dra- 
matically reduce costs. 


SEE THE ANSWERS FOR YOURSELF 
For a free evaluation copy, call 


303-786-9900 


Email: info@rsinc.com 


Fax: 303-786-9909 






Software = Vision 


Research Systems, Inc. 
2995 Wilderness Place 

Boulder CO 80301 

ITALY Alliant Computer Sys. SRL 39 39 6091766¢cs@alliant.cise.it JAPAN Adam Net Ltd. 81 35802 2251¢ taro@adamnet.co,jp BRAZIL SulSoft 55 51 488 22 57¢mis@int.ufrgs.br KOREA InterSys 82 42 869 4746 jsyoon@isi.kalst.ac.kr 
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UNIVERSITY OF MASSACHUSETTS 
Niel ato 


COLLEGE OF ENGINEERING 


GRADUATE 
EDUCATION 


No RESIDENCY REQUIRED 


Since 1974, engineering professionals 
have enrolled in University of Massa- 
chusetts classes without ever coming to 
campus. The Video Instructional Pro- 
gram (VIP) offers credit and noncredit 
courses in a variety of engineering and 
engineering-related topics. No matter 
where the location, the VIP opens the 
doors of graduate education to work- 
ing professionals. 


M.S. IN 
ELECTRICAL AND 
COMPUTER ENGINEERING 


> Electrical & Computer 
Engineering faculty 

> Academic areas: Computer 
Systems Engineering and 
Communications & Control 
Systems 


University instruction delivered 
directly to the student, regardless 

of geographic location, via satellite 
broadcast or videotape 

University resident graduate faculty 
M.S. in Engineering Management 
Efficient administrative support 
system 

Training & short courses in a variety 
of topics 


“T could do a microwave homework 
assignment on one day, and use the 
reults to design CKTs the next day.” 


— Anthony C. Mancione 
Senior Designer 


VIDEO 
INSTRUCTIONAL 
PROGRAM 


College of Engineering, Marcus Hall 
University of Massachusetts 
Box 35115 
Amherst, MA 01003-5115 
Phone: (413) 545-0063 
FAX: (413) 545-1227 
Internet e-mail address: 
vip@vip.ecs.umass.edu 


An Equal Opportunity/Affirmative 
Action Institution. 


JUNE 1, 1995 
REGISTRATION DEADLINE 
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Health Professionals. Hitchcock, R. 
Timothy, and Patterson, Robert M., Van 
Nostrand Reinhold, New York, 1995, 
542 pp., $79.95. 


Numerical Programming the 387, 
486 and Pentium. Sanchez, Julio, and 
Canton, Maria P., McGraw-Hill, New 
York, 1995, 511 pp., $50. 


Machine Intelligence 13. Eds. Furukawa, 
K,, et al., Oxford University Press, New 
York, 1994, 478 pp., $90. 


Building Multimedia Performance 
Support Systems. Reynolds, Angus, and 
Araya, Roberto, McGraw-Hill, New 
York, 1995, 403 pp., $45. 


Integrating Personal Computers in a 
Distributed Client-Server Environ- 
ment. Ed. Khanna, Raman, Prentice 
Hall, Englewood Cliffs, N.J., 1995, 
662 pp., $46. 


Solar Cells and Their Applications. 
Ed. Partain, Larry D., John Wiley & 
Sons, New York, 1995, 567 pp., 
$74.95. 


Machinery Vibration: Balancing. 
Wowk, Victor, McGraw-Hill, New York, 
1995, 322 pp., $55. 


Decision Support and Expert Sys- 
tems: Management Support Sys- 
tems, 4th edition. Turban, Efraim, 
Prentice Hall, Englewood Cliffs, N.J., 
1995, 930 pp., $69.33. 


The Papers of Thomas A. Edison, 
Vol. 3: Menlo Park: The Early 
Years, April 1876—December 1877. 
Ed. Rosenberg, Robert A., et al., Johns 
Hopkins University Press, Baltimore, 
Md., 1994, 727 pp., $65. 


Power System Stability, Vol. I: Ele- 
ments of Stability Calculations; 
Vol. II: Power Circuit Breakers and 
Protective Relays; Vol III: Syn- 
chronous Machines. Kimbark, Edward 
Wilson, IEEE Press, Piscataway, N.J., 
1995, 965 pp., $124.95 (list price), 
$100 (member price). 


Network Security PRIVATE Communi- 
cation in a PUBLIC World. Kaufman, 
Charlie, et al., Prentice Hall, Englewood 
Cliffs, NJ., 1995, 504 pp., $46. 


Multimedia and Hypertext: The Inter- 
net and Beyond. Nielsen, Jakob, Aca- 





demic Press, New York, 1995, 480 pp., 
$29.95. 


LabTutor: A Friendly Guide to Com- 
puter Interfacing and LabVIEW 
Programming. Eaton, Jobn K., and 
Eaton, Laura, Oxford University Press, 
New York, 1995, 169 pp., $24.95. 


Computer/Telecom Integration: The 
SCAI Solution. Grinberg, A., McGraw- 
Hill, New York, 1995, 291 pp., $50. 


Routing in the Internet. Huitema, Chris- 
tian, Prentice Hall, Englewood Cliffs, 
NJ., 1995, 319 pp., $42. 


Intelligent Sensor Systems. Brignell, 
Jobn, and White, Neil, Institute of Phys- 
ics Publishing, Philadelphia, 1994, 256 
pp., $95.59. 


Linear Control Systems Analysis and 
Design: Conventional and Modern, 
Ath edition. D'Azzo, John J., and 
Houpis, Constantine H., McGraw-Hill, 
New York, 1995, 763 pp., $74.94. 


Process Dynamics, Modeling, and 
Control. Ogunnaike, B. A., and Harmon, 
R. W, Oxford University Press, New 
York, 1994, 1260 pp., $79.95. 


The DFT: An Owner's Manual for 
the Discrete Fourier Transform. 
Briggs, William L., and Henson, Van 
Emden, Society for Industrial and Ap- 
plied Mathematics, Philadelphia, Pa., 
1995, 434 pp., $37.50 (list), $30 
(SIAM member). 


Living with the Chip: How the Chip 
affects your business, your family, 
your job, and your future. Manners, 
David, and Makimoto, Tsugio, Chapman 
& Hall, New York, 1995, 204 pp., 
$16.95. 


Building IBM: Shaping an Industry 
and Its Technology. Pugh, Emerson 
W., MIT Press, Cambridge, Mass., 
1995, 405 pp., $29.95. 


High-Frequency Analog Integrated 
Circuit Design. Ed. Goyal, Ravender, 
John Wiley & Sons, New York, 1995, 
401 pp., $74.95. 


Secrets of the C++ Masters. Alger, Jeff, 
AP Professional, New York, 1995, 
388 pp., $39.95. 


PVM: Parallel Virtual Machine—A 
User's Guide and Tutorial for Net- 
worked Parallel Computing. Geist, 
Al, et al., MIT Press, Cambridge, 
Mass., 1994, pp.279, $19.95. 
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faults & failures 


Showdown at 
Yucca Mountain 


Government plan to bury thou- 

sands of tons of fissile and radio- 

ctive materials under Nevada's 
Yucca Mountain is undergoing renewed 
scrutiny. A nuclear explosion cannot be 
ruled out, argues a new study by scientists 
Charles Bowman and Francesco Venneri 
of Los Alamos National Laboratory in 
New Mexico. The plan was earlier assailed 
because of fears that radioactive material 
would be released into the environment. 

Devised by the U.S. Department of En- 
ergy (DOE), the plan involves as much as 
70 000 Mg of plutonium, uranium, and 
other materials. One of its more likely vari- 
ants involves containerizing the dangerous 
substances. Weapons-grade plutonium 
and/or spent reactor fuel containing urani- 
um, plutonium, and other radioactive and 
fissile materials would be mixed with boro- 
silicate glass, shaped into cylinders, and 
enclosed in steel containers. These would 
be placed in a labyrinth of tunnels and 
caves cut deep inside the mountain. 

So long as the steel containers remain- 
ed intact, there should be no risk of an ex- 
plosion. The amount of fissile material in 
each canister would be below critical 
mass. The boron in the glass matrix would 
absorb neutrons that could otherwise con- 
tribute to a chain reaction. 

But Bowman, Venneri, and others have 
pointed out that the integrity of the steel 
containers cannot be guaranteed over the 
very long times involved. Quite possibly, 
especially if exposed to water, the steel 
would corrode away in far less than the 
half-lives of 239Pu (over 24 000 years) and 
235U (7 x 108 years). So the system's ulti- 
mate safety should be determined by ev- 
ents after the containers disintegrate. 

Once that happens, the report argues, 
the situation changes drastically. The fis- 
sile material is “free to disperse in the un- 
derground matrix where there are good 
moderators such as water or rock.” (By 
slowing neutrons down, good moderators 
increase the likelihood of fission, whereas 
neutron absorbers, like boron, decrease 
the likelihood.) 

The report continues: “Over time one 
must expect that the relative concentra- 
tions of water, rock, and fissile material 
could change and some of these changes 
could lead to criticality." (The criticality 
factor of a system is the ratio of the num- 
ber of neutrons produced to the number 
lost through absorption or leakage. A ratio 
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of 1 describes a system that is critical, 
like a nuclear reactor. Supercritical condi- 
tions, whose criticality exceeds1, occur 
with reactor accidents or nuclear bombs.) 

It is widely believed that upon reaching 
criticality, systems will revert to subcritical 
conditions because of negative feedback. 
After all, criticality is most often increased 
by the presence of water. Supposedly, as 
criticality is approached, the system heats 
up, the water is vaporized and expelled, 
fewer neutrons are slowed, and the system 
reverts to a subcritical state. 

But the Bowman-Venneri study finds 
that—depending on the mass and volume 
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of fissile material and the relative amounts 
of silicon dioxide and water that are pre- 
sent—the feedback could be either positive 
or negative. Positive feedback could bring 
about a self-enhancing condition, resulting 
in the “generation of explosive nuclear 
yields up to a few hundred tons." One 
example is a 2-meter sphere that contains 
70 kg of 239Pu in a 0.1 percent concentra- 
tion along with water and silicon dioxide. 
“When this system becomes critical and the 
heat begins to drive the water out...it drives 
itself to higher criticality reaching its high- 
est criticality in a dry supercritical state.” 

For their analysis, the scientists used a 
standard Monte Carlo method for calcul- 
ating neutron and proton transport. They 
supposed 239Pu was the fissile material 
and assumed a spherical geometry in 
their calculations. 

The issue of the study's validity has div- 
ided the nuclear science community. An 
internal review of the Bowman and Ven- 
neri analysis by Gregory H. Canavan and 
his colleagues at Los Alamos maintains that 
the work has many flaws. Apparently, the 
calculations do not take proper account of 





the effects of elements present in the 
ground that are strong absorbers of neu- 
trons. “When they are properly included," 
they reported, “it may not be possible to 
achieve criticality for the assumed condi- 
tions, even with pure 239Pu.” Nor has the 
compressibility of the rock been adequate- 
ly considered, they believe. “Even if the 
mixture became critical, it would slowly 
heat and expand. Then its neutron flux 
would drop and it would cool,” they state. 

Another weakness was suggested by 
Rob P. Rechard, senior member of the 
technical staff in the Waste Isolation Pil- 
ot Plant Performance Assessment Depart- 
ment at Sandia National Laboratories, 
N.M. “I would argue that you can't get to 
the initial conditions that he starts from," 
Rechard told IEEE Spectrum. 

“In a nuclear weapon you have to force 
the plutonium to extreme densities with 
high explosives, inject neutrons at pre- 
cisely the same time, and hold it together 
long enough so that the material fissions 
at the same time,” Rechard observed. “To 
claim that impure SiO, mixed with con- 
taminated 239Pu and initiated with stray 
neutrons can explode like a nuclear weap- 
on is unreasonable.” 

On the other hand, support for the 
Bowman and Venneri calculations appears 
in a report by PB. Parks and co-workers at 
the Westinghouse Savannah River Co., 
Aiken, S.C., facility. Partly on the basis of 
their own independent analysis, they be- 
lieve that the possibility and consequences 
of a nuclear eruption in a nuclear waste site 
cannot be ignored. If an explosion oc- 
curred, the venting of fission products into 
the environment and damage to the reposi- 
tory would be major concerns. In short, 
the team advised that “unless the Bow- 
man-Venneri thesis can be discredited on 
physical grounds, DOE must approach 
the question of geologic disposal of pluto- 
nium very cautiously.” 

More study is being urged. At Los Al- 
amos, director Sig Hecker stated in the 
site newspaper of March 17 that the is- 
sues raised by the Bowman-Venneri re- 
port are important enough to receive the 
scrutiny of the scientific community. 
What is required, he said, is a more de- 
tailed analysis that removes the idealized 
assumptions and uses actual data to devel- 
op a probabilistic risk assessment of the 
hypotheses. 





LINDA GEPPERT, Editor 


Consultant: Ronald Knief 
Ogden Environmental & Energy Services 
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yverlections 


The crypto quandary 


Tooo encrypt, or not to encrypt—that is the question. 
Whether ‘tis nobler in the mind to suffer 

The slings and arrows of lost privacy, 

Or to take arms against the export controls, 

And by opposing regain it? 


amlet might not like my distortion of his immortal 
soliloquy, but he would probably sympathize with our 
agony over whether or not to apply modern crypto- 
logy to cyberspace. Every one of our transactions on 
the network reveals our status and habits in mounting detail to 
anyone out there who is listening, compiling, and selling. As our 
privacy slips steadily away from us, a remedy has arrived in the 
form of strong cryptography. One little problem, though—our 
friendly governments don't want us to use it. 

Certainly, our governments have reason for 
concern. History is full of tales of the use, 
misuse, and exploitation of crypto- 
graphy. | think of the ingenious 
wheels of the German Enigma 
machine and how, to hide the fact 
of its decipherability, Coventry 
was sacrificed to enemy bomb- 
ing; the breaking of the Japanese 
code that, had it happened earli- 
er, might have given forewarn- 
ing of the attack on Pearl Har- 
bor; and the scrambling of 
Churchill's conversations in the 
bunker beneath Whitehall. Wars 
have surely been won and lost be- 
cause of a country’s ability to keep its 
own secrets and uncover its enemies’. 

Now we are at this strange point in 
time when our interests as citizens may 
not be aligned with those of our gov- 
ernments, who, after all, are supposed 
to act on our behalf. The question that Hamlet might debate is 
what our governments should do about cryptography. Some 
basic societal interests must be traded off, and on a national poli- 
cy level, that debate either isn't happening or is being concealed 
from my skeptical ears. Also, it isn't very clear who has jurisdic- 
tion in this global domain. Exactly where is cyberspace anyway? 

These days nearly every public meeting | attend to discuss the 
National (or Global) Information Infrastructure quickly degen- 
erates into an impassioned and pointless discussion among us 
technologists about cryptographic policies. The informed policy- 
makers among us keep quiet. I recall the Druids or the great stone 
figures on Easter Island. Perhaps there is wisdom in this enig- 
matic silence. Or maybe it is only a stoic facade. 

It seems impossible that the governments with their giant 
mathematical fortresses of copiously funded secret research 
allowed the technology of cryptology to seep into the public 
domain. Yet it happened with the discovery in 1976 of public 
key cryptography by Martin Hellman and Whitfield Diffie. 

I visited Hellman about that time in his office at Stanford 
University. He told me of his idea for one-way functions with 
trapdoors, and how such functions—if they existed—would 
make a new protocol for cryptography possible. | was filled with 
intellectual curiosity about the proposal, but I was very skeptical 
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about its likely impact on the real world. “Marty,” I said, “You do 
know about that government place where mathematicians work 
on this sort of thing? You know, the National Security Agency?" 

Surely, | was thinking, those thousands of mathematicians in 
NSA knew about this stuff long ago. After all, this was just Marty 
in his little office at Stanford, and his training had been about the 
same as mine. | didn't know anything about codes and codebreak- 
ing, and therefore he couldn't either —Q.E.D. 

As a kind of analogy with public key cryptography, let me tell 
what happened recently to a member of my family. To protect his 
anonymity, | use the encrypted name Doug. Anyway, Doug was 
on what proved an abortive ski vacation in Vermont. Leaving 
the watery slopes in 70° weather, he lost the clutch in his car 
and ended up having to abandon it for a week in Vermont, 
while he returned to New Jersey. Bad enough, but when he went 
to get his mail at his apartment, he re- 
membered the only key to his mailbox 

was on the key ring in the car in Ver- 
mont. The postman, of course, went 
on dropping irretrievable mail in 
the slot. Hurriedly, Doug called the 

_ garage in Vermont and told them to 

/ mail him the key right away. And 

two days later Doug discovered 

_ what he had done—the only key to 
the mailbox was now locked inside 
the mailbox. 
Doug's mailbox is like a public key 
cryptosystem. Anyone can put a mes- 
_ sage in the slot (by encrypting with the 
“recipient's public key), but only the true 
~ recipient can retrieve it, by using his private 
key (the trapdoor in what is otherwise com- 
putationally locked). Still, the story shows key man- 
agement in any cryptographic protocol is tricky! 


io » 
Ga Soon after Diffie and Hellman’s work, a number of mathe- 


we 





” Pineal functions with the one-way property were proposed and 


evaluated, the most famous being the factorization of large 
numbers that led to RSA codes (Rivest, Shamir, and Adleman at 
MIT). The rest is, as they say, history. The opening up of cryp- 
tology to academics created an outpouring of results in the pub- 
lic domain, and today you can pick up any of a dozen textbooks 
and learn how to brew your own unbreakable codes (that is, 
codes that are computationally impractical to break during the 
time that you would care about). Of course, the government 
might prosecute you for carrying these books out of the coun- 
try. Nonetheless, cryptographic knowledge is now widespread 
throughout the world. Oops! Export of the knowledge is illegal. 
The jury is instructed to disregard the earlier sentence. 

The genie seems to be out of the bottle, and the governments 
are trying to stuff it back. In a sense their policy so far has been 
rather successful. Cryptography is hardly used at all, because 
export control has deterred the adoption of standards, which in 
today's computer world need to be global. If strong cryptography 
became standard and user friendly, then we would have our priva- 
cy reinstated. Citizens could transact electronic commerce with 
impunity. So could drug rings, spies, and unfriendly governments. 

Aye, and there's the rub. 


ROBERT W. LUCKY 
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Test and Measurement Software for Windows 


TestPoint is a professional software tool for client server DDE and hundreds of other 
creating test and measurement applications. features in an open environment you won't 
There are no bus wires to connect or code outgrow. Find out how you can join thou- 
lines to type and you don’t have to be a sands of other engineers who are already 
Windows programmer. TestPoint has fast getting results and recog- 


graphics, strip charts, A/D, D/A digital 1/O, nition by saving time and 
general purpose I/O, IEEE-488, RS232, money with TestPoint. Cé iC 


RS485, advanced math, filters, multitasking, 


Capital Equipment Corp. 
Call 1-800-234-4232 or 617-273-1818 or FAX 617-273-9057 for your free demo pack. 
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DATA ACQUISITION 


SOFTWARE 


for engineers and scientists 


is part and parcel of system design in every field. Engineers and scientists are always 
on the lookout for software with which to meet the ever tougher demands of system 
evaluation without wrecking their 


Ws: FOR TEST, MEASUREMENT, MONITORING, OR EVALUATION, data acquisition 
i 


budget. Fortuitously, as the PC Ranging from turnkey packages to 
and the workstation advance in : f ; 
performance, so, too, do software virtual instruments, today’s data 


tools running on these platforms. 


By now, the data acquisition cat- acquisition tools help tackle the testing 
egory has fanned out into at least , fre 
five subcategories, as reflected in Needs of increasingly sophisticated systems 
the following article and table [pp. 
32-39]. More than 50 packages are 
listed. Although not all-embracing, 
the list mirrors emerging trends and 
such new capabilities as double buf- 
fering, software analog triggering, 
and event-driven messaging. Ven- 
dors’ telephone and fax numbers, as 
well as e-mail addresses when avail- 
able, are included for the reader's 
convenience. 

This is the first part of [EEE 
Spectrum's annual focus report on 
software for engineering and sci- 
ence. Data analysis and visualiza- 
tion software are to be the main 
focus of the next part, which is 
scheduled for the fall. 

As in earlier reports, this one, 
too, refers the reader to a variety of 
relevant sources for more details 
[see To Probe Further, p. 35]. 








GADI KAPLAN 
Senior Technical Editor 
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Multitasking and/or graphical programming and/or virtual 
instrumentation enhance 50-plus packages for use in process 
monitoring and control, test, measurement, and more 


Choosing the right 


SOFTWARE FOR 
DATA ACQUISITION 








RICHARD HOUSE 
National Instruments 
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OFTWARE FOR DATA ACQUISITION HAS 

evolved along much the same lines as 

spreadsheets and word processors. Fifteen 

years ago, it was the domain of a computer 
scientist elite, who typically worked with such lan- 
guages as C and Fortran, or even low-level assembly 
languages, who wrote many software functions ex- 
clusively for specific applications, and whose plat- 
form of choice was the minicomputer. Integrated 
data acquisition computers then followed, but much 
programming time and effort still went into the 
development of, for example, text editors and data 
acquisition routines. 

Today, the noncomputer scientist can use the PC 
for home finance and correspondence because the 
tools for each have grown handier and also general- 
ized enough to serve in a variety of applications. 
Similarly, data acquisition (DAQ) software has 
evolved so that the nonexpert may employ the PC 
to automate DAQ systems. 

In fact, such software has become not only more 
approachable but also more powerful. The latest 
packages can handle several DAQ functions simul- 
taneously and at a high level of performance, even 
if long interrupt latencies are characteristic of the 
environment, as is true of Windows. 

Despite all these changes for the better, it is still up 
to the user to pick the right package for the ap- 
plication. After all, while a spreadsheet could be used 
to write a letter, a word processor is more helpful 
because of built-in features such as word wrapping 
and spell checking. Conversely, for purposes of num- 
erical computations, a spreadsheet is the only way to 
go, because a word processor is not designed to per- 
form calculations. 

Most PC users find it obvious when to prefer a 
spreadsheet to a word processor because they have 
a firm grasp of the strengths and weaknesses of dif- 
ferent classes of general-purpose PC software. Like- 
wise, engineers and scientists must fully understand 
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the various classes of DAQ software if they are to 
be sure of selecting the right packages for their 
technical applications. 

The subject of this report is any software that in- 
terfaces either with plug-in DAQ boards or with ex- 
ternal DAQ boxes. Embedded in it is the binary 
code needed to configure the registers of the box or 
board for analog, digital, and timing input/output. 
The software controls the gain per channel, samp- 
ling rate, sampling order, digital levels, and counter 
and timer control. It also controls the transfer of 
data to and from the board or box by polling, inter- 
rupts, or direct memory access. 


What DAQ software does 

DAQ software serves applications like machine 
automation, process monitoring and control, in- 
strumentation, and electronic test and measure- 
ment. In perhaps its most popular use, it measures 
temperatures from DAQ products interfaced to 
thermocouples, thermistors, resistance temperature 
detectors (RTDs), and IC sensors. Analog input is 
used for voltage measurement, signal and transient 
analysis, and data logging, and analog output for 
machine and process control, waveform genera- 
tion, and variable voltage sources. In areas that are 
not electrically noisy, digital I/O lines are usually 
TTL-compatible. In relatively noisy environ- 
ments—process control, for example—signal-con- 
ditioning hardware typically elevates the voltage 
levels of sensitive signals to make them less vulner- 
able to noise. Counter/timers serve functions such 
as pulse and clock generation, frequency shift key- 
ing, buffered counter operations, equivalent time 
sampling, relative time stamping of data, timed 
control of laboratory equipment, and frequency, 
event, and pulse width measurements. 

Although many DAQ packages have analytic 
capabilities built in, it is not a prerequisite of this kind 
of software that it analyze the data it has acquired. 
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Software that analyzes and displays data, without com- 
municating directly with DAQ products, is classified 
differently, as analysis and visualization software. 


Classes of DAQ software 

The most popular general-purpose PC software 
can be divided into spreadsheets, word processors, 
database, and presentation software. Similarly, the 
most popular of the DAQ packages can be divided 
into turnkey, language interface, add-on tools, source 
code, and virtual instrumentation software [see 
table, pp. 32—39]. The software tools that fit in each 
class have similar types of developer and application 
for which they are best suited. 

Turnkey software is the easiest kind to use, calling 
for no programming and needing very little setup. 
Packages of this sort are designed to control one 
specific application very well, but no other. If some 
extra capability is needed, then the developer must 
convince the software originator that such a capa- 
bility should be added to the package. 

A turnkey package usually has a graphical inter- 
face with menus for setting up the software. Often, 
the interface is designed to emulate a stand-alone 
instrument. With the turnkey approach, the user of 
a DAQ package needs no software (other than the 
computer operating system) to develop an applica- 
tion. A turnkey example is DSPworks from Mom- 
entum Data Systems, Costa Mesa, Calif. 

Language interface software is a collection of DAQ sub- 
routines or function calls from conventional pro- 
gramming languages, such as Pascal, Basic, and C. 
Whereas turnkey software is designed for non- 
programmers, language interface software is intended 
for developers who can program in conventional lan- 
guages. Its users must write and compile code and 
link it to language interface software before any data 
can be acquired from a DAQ product. With the assis- 
tance of language interface software, developers can 
program the DAQ products not at the complex reg- 
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Virtual instrumentation 


Turnkey 


ister level but with simple function calls. An example 
is AI_VRead (deviceNumber, channel, 
gain, voltage), which reads the voltage 
applied to a specific input channel to and at a 
specified gain from the DAQ product device 
number. (This last identifies a particular product 
in a group—board, PC card, as specified by the 
PC Memory Card International Association 
[PCMCIA], or external DAQ__ hardware.) 
DIG_In_Port (deviceNumber, port, 
pattern), another example of a function call, 
reads the digital pattern applied to a specified port of 
the DAQ product device number. 

Once the data is acquired and stored in memory, 
developers must use their own skill as programmers 
or else turn to separate analysis and graphics lib- 


Source code 





A Turnkey data acquisi- 
tion software is typically 
very easy to use but may 
lack the flexibility avail- 
able to users of source- 
code-based software. 
Ranges of ease of use 
versus flexibility of dif- 
ferent types of DAQ soft- 
ware available today are 
qualitatively depicted. 
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ILLUSTRATION: MORRIS KHAN 














Prins 


Direct memory access (DMA)*: a method 
by which data can be transferred to (from) 
computer memory from (to) a device or 
memory on the bus, bypassing the proces- 
sor, which does something else. 

Double buffering: the ability to acquire 
data into one memory buffer while process- 
ing data from another memory buffer. 
Driver*: software that controls a specific 
hardware device. 

Dynamic link library (DLL)*: a software mod- 
ule in Microsoft Windows containing exe- 
cutable code and data that can be called or 
used by Windows applications or other DLLs. 
Functions and data in a DLL are loaded and 
linked at run time when they are referenced 
by a Windows application or other DLLs. 
Equivalent time sampling: the ability to 








raries to process and display the data. De- 
velopers must have the right compiler and 
be experienced in the language supported 
by the language interface software. 

Some software of this kind includes 


sample a periodic signal at a rate faster than 
that of the analog-to-digital converter by 
using a counter- timer that offsets the tim- 
ing of each sample in a controlled manner. 
Event-driven messaging: the ability of a 
program to respond to events rather than 
follow traditional, sequential code. 

First-in first-out (FIFO) memory buffer*: a 
buffer in which the first data stored is the 
first to be forwarded to the subsequent 
processing stage. 

Interrupt*: a computer signal indicating 
that the CPU should suspend its current task 
to service a designated activity. 

Interrupt latency*: the time required for the 
microprocessor to respond to an interrupt. 
RTD*: resistance temperature detector; a 
probe that measures temperature based 
upon its coefficient of resistivity. 


Software analog triggering*: a trigger 





examples to show how it should be used. 
While this is a great help, developers still 
must know how to program in the lan- 
guage before they can make the software 
work for their application. Examples of 
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that occurs when the software program 
identifies a user-selected point on an 
incoming analog signal. Triggering can be 
set to occur at a specific level on either an 
increasing or a decreasing signal (positive 
or negative slope). 

Virtual Instrument*: in general, a combina- 
tion of hardware and/or software elements, 
typically used with a PC, that has the func- 
tionality of a classic stand-alone instrument; 
specifically, a LabVIEW software module 
(VI), which consists of a front panel user 
interface and a block diagram program. 
VxD: a virtual device driver, in this case a 
software module that adds new or 
enhanced capabilities to a Windows kernel. 
X is a variable identifying a specific device. 





[Note: National Instruments retains the copyright 
for items marked by *] 


language interface software include Sci- 
entific Software Tools’ Driver Linx and 
National Instruments’ NI-DAQ. 

Add-on tools software attaches DAQ cap- 
abilities to a development environment that 
the engineer or scientist already knows 
well, perhaps the Lotus 1-2-3 or Excel 
spreadsheet. The benefit is that develop- 
ers use a familiar environment for their 
data acquisition application. 

Visual Basic custom controls—software 
modules appended by vendors to Visual 
Basic to supply capabilities requested by 
customers—can also be considered add- 
ons for Visual Basic. They differ from lan- 
guage interfaces in that they are data 
acquisition files added to the Visual Basic 
application. Most DAQ software compa- 
nies bundle the custom controls with their 
language interface software, blurring the 
distinction between add-on tools and lan- 
guage interface software for Visual Basic 
applications. An add-on example is Soft- 
ware Wedge from T.A.L. Enterprises, of 
Philadelphia [see lower photo, p. 28]. 

Source code software is a file, usually of C 
code, that developers can compile into the 
application for acquiring and controlling 
data. The source code is often treated as 
examples of what to do by developers who 
want to program the boards at the register 
level. The use of source code is by far the 
most complex way to program a DAQ 
system and the slowest for getting a sys- 
tem up and running, though it is often a 
help in reducing the code's overall size. In 
spite of this, source code software is los- 
ing ground because the latest DAQ boards 
are more powerful and much harder to pro- 
gram in source code. To use source code 
software, developers must be familiar not 
only with the programming language and 
the DAQ product, but also with the oper- 
ations of interrupts, direct memory access, 
and I/O ports on the PC. 


Performance may improve or worsen 
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with source code software, depending on 
the application and the operating sys- 
tem. With more advanced operating sys- 
tems that address megabytes of memory 
and require very sophisticated program- 
ming to increase performance, these final 
benefits of source code software become 
less of a factor. DAQSourceCode from 
National Instruments is an example of 
source code software. 

Virtual instrumentation software enables de- 
velopers to design the custom instrument 
best suited to their application. Their virtu- 


InitiolizeSystem (). 
SetDefaultAlarne () 7 
handle = IosdFanel (0. "temrsys.uir”. PANEL) 
Disfleyfanel (handle): 


while (quit) 
tUsexEvent (0, Spnl, &ctr1); 
switch (oer) ‘t 
cose FANE ALAR HICH 
ee eset Highhlarn () 
break: 
vows FANEL_ALARH_1O¥ 
ReactIowAlarm (): 
freak 


Acquirefata (voltage): 
ScaleTemp (volteqe) ; 


CheckAleras () 
PlotStripChart’ (hendle, PANEL_CEART. voltege. 3, (. 0, 4); 
+ 





al instruments may use off-the-shelf DAQ 
hardware products and the PC. Some 
companies also classify their interfaces to 
software of this kind as in itself being vir- 
tual instrumentation software. Most pro- 
bably this meaning arises because the lead- 
ing vendor in the field, LabVIEW, uses the 
term "virtual instrument” for those of its 
software modules that interface with other 
companies’ DAQ products. 

Instruments have almost always taken 
advantage of widely used electronics tech- 
nology. For example, the first electronic in- 
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struments made use of the variable cap- 
acitor, the variable resistor, and the vacuum 
tube from radios, all available at low cost 
and with high quality. Similarly, oscillo- 
scopes, analyzers, and computer screens 
have benefited from the large-scale manu- 
facture and worldwide distribution of tele- 
vision sets, which use cathode-ray tubes. 
Today, virtual instruments exploit the 
increasing processing power and falling 
cost of desktop and notebook computers. 

Traditional instruments are self-contain- 
ed, with signal I/O capabilities and fixed 
user interface features like knobs, push but- 
tons, gauges, and graphs. Inside the box, 
specialized circuitry, including analog-to- 
digital converters, signal conditioning, 
microprocessors, memory, and an internal 
bus, acquire real-world signals, analyze 
them, and present results to the user. The 
vendor defines all the instrument function- 
ality—the user cannot change it. 

In contrast, the virtual instrument utilizes 
the open architecture of industry-standard 
computers for processing, memory, and dis- 
play capabilities, while off-the-shelf DAQ 
products interfaced to an open, standard- 
ized bus are the vehicle for instrument cap- 
abilities. The functionality of the virtual in- 
strument is defined by the user. Virtual 
instrument examples include LabVIEW and 
LabWindows/CVI from National In- 
struments [see photos, p. 25 and p. 28]. 

Scientists and engineers, in order to be- 
come more productive, have asked DAQ 
companies to produce both easy-to-use 
and very flexible software. The different 
classes of DAQ software have evolved 
accordingly, each having been developed 
for a different position on the ease-of-use 
versus flexibility curve. A wide range of 
both characteristics can occur within one 
class [see graph, p. 25]. For example, vir- 
tual instrumentation software is generally 
simpler to use but less adaptable than 
source code software, and vice versa. The 
packages available today, however, range 
from being very inflexible to being as flex- 
ible as some source code software. 

The trend nowadays is toward virtual in- 
strumentation software and away from 
source code software. Many more devel- 
opers can use the first than can use the sec- 
ond—or can use language interface soft- 
ware. Conversely, virtual instrumentation 
software typically has more flexibility than 
turnkey software. Thanks to its ease of use 
and flexibility, it usually encourages the 
highest productivity. In addition, the fun- 
damental concepts involved translate dir- 
ectly into bottom-line benefits for the 
user. The user, not the vendor, defines the 
ultimate functionality of the instrument. 
Affordable, flexible, and high-performance 
instrumentation is the fruit of enormous 
investments and technological advances in 
the computer industry. 
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<@ An add-on to the Microsoft Corp.’s Excel 
5.0 software, Taurus Plant Manager turns the 
static display of acquired data produced by a 
typical Excel spreadsheet into a dynamic one 
by updating such real-time data as voltage 
and current values [numeric cells, bottom 
left], and by dynamically displaying trends in 
plant parameters [upper right]. By clicking a 
mouse on such buttons as “data base,” “real 
time” [upper left], or on an icon of, say, a 
motor, the operator makes the system exe- 
cute a procedure in Visual Basic—a motor 
startup, for example. 


File Edit View Insert Format ols Data Window Taurus Help 


NIVALTEC SA 


DAQ software varies in complexity from 
a few hundred lines of code, written by one 
developer in several hours, to hundreds of 
thousands of lines of code, written by teams 
of developers and measuring up to almost 
100 man-years of development time. 

In deciding which type of DAQ soft- 
ware to favor, the first consideration—or 
rather, considerations—should be the 
capabilities as defined by the application 
developer and the position that person or 
team wants to occupy on the ease-of-use 
versus flexibility curve. 

Lack of familiarity with conventional 
programming languages at once rules out 
source code software and language inter- 
face software. Application simplicity, as in 
programs for temperature or signal moni- 
toring, may point to turnkey software. If 
the application requires elaborate forms 
of control, future modifications, or a good 
deal of flexibility, then virtual instrumen- 
tation software could be the best choice. 


ae 
@ 


HEWLETT-PACKARD CO. 


DAQ products and OS diversity 

he diversity of the DAQ hardware 
and operating systems that work 
with the DAQ software is yet an- 
other consideration. Some DAQ software 
will work with hardware on different bus 
architectures, including PC AT, parallel 
port, PC card, and the Macintosh. An ap- 
plication for use on a variety of hardware 
platforms need be developed only once by 
the users of such software. Some DAQ 
hardware products are more suited to per- 
forming low-speed, dc-class measurements 
because they have good stability. Other 
products are better suited to high-speed, 
ac-class measurements because they can | 
transfer data to memory employing direct 
memory access, without using up the com- 








<A visual driver panel, such as this one for 
a Hewlett-Packard oscilloscope, simplifies 
preparation for data acquisition by allowing 
| the engineer or technician to set up the in- 
MUN esyisy) | | strument without extensive programming 
Beene i ; [top]. Alternatively, a user who seeks more 
eet | flexibility may access the instrument's input 
YN aUes\i@r 1b) 811 } ; 
nee and output directly through a special 1/O 

interface [bottom]. The driver panel is includ- 
ae } ed in a library of more than 450 high-level 
eld visual driver panels supplied with Hewlett- 
Packard’s HP VEE (visual engineering environ- 
ment) software. 
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putational bandwidth of the microproces- 
sor. Check that the DAQ software chosen 
can handle the range of DAQ hardware 
required for the application. 

Even if the application will always be 
on one platform, using only one class of 
hardware product, make sure the DAQ 
software runs on the operating systems 
that will be employed on that platform. 
For example, on the PC, an application 
could have anticipated only the DOS 
operating system a few years ago; but 
today the user may need a version that 
runs on Windows 3.1. For such an appli- 
cation, take care to confirm that today's 
DAQ software works under Windows 3.1, 
and that its vendor will have versions for 
Windows 95 in case the application needs 
to move to this new operating system. 

The level of hardware capability that is 
supported by the software is a crucial con- 
sideration. The fact that the hardware has 
a certain capability is no guarantee that 
the software can work with it, especially 
if two manufacturers are involved. 

Most DAQ software has functions for 
the basic DAQ functions, such as analog, 
digital, and timing I/O, because they are 
easy to write. These functions give appli- 
cation developers the ability to read and 
write single analog and digital values using 
the DAQ hardware products. 

For most applications, though, this sim- 
ple I/O capability is not enough. More- 
over, the capabilities developers need are 
not always available in the DAQ software 
because the higher functionality capabili- 
ties would have required far more sophis- 
ticated programming by the company that 
wrote the DAQ software originally. Ex- 
amples are double-buffering, analog trig- 
gering, event-driven messaging, or simul- 
taneous use of analog, digital, and timing 
I/O functions. 

Double-buffering allows the DAQ soft- 
ware to acquire data in the background 
while application software processes data 
in the foreground. The best way for the 
software to use double-buffering is for it 
to acquire the data into memory by direct 
memory access, so that the microproces- 
sor has all its bandwidth to process the 
data in the foreground. 

For such high-speed data acquisition 
applications as sonar or acoustic and 
vibration analysis, dedicated analog cir- 
cuitry for hardware triggering is typically 
needed. For those relatively slow applica- 
tions—measurements of temperature, 
pressure, or slowly varying direct voltage, 
for example—the processor typically can 
keep up with the rate of digitized data. 
Here software analog triggering comes in 
handy. DAQ products without hardware 
analog triggers can be set up for the soft- 
ware equivalent. 


Using double-buffering, DAQ soft- 


ware can continuously acquire data in a 
circular buffer, overwriting old data 
points until software processing deter- 
mines that an analog trigger condition 
has occurred. At this point, the data can 
be processed according to the applica- 
tion's requirements, which may be to save 
to disk, generate an alarm, or change the 
sampling rate. 

Some DAQ software will lack analog 
triggering capabilities, or will lay claim to 
them, when all it has is a simple post-pro- 


cessing routine that acquires a block of 
data and then searches for the trigger 
point. Such software will be unable to em- 
ulate a hardware analog-triggered appli- 
cation, which could run indefinitely until 
a trigger condition occurred. 
Event-driven messaging is a relative 
newcomer. Many years ago, programs 
were typically sequential, executing line 
one, then line two, and so on, although 
I/O routines were generally interrupt driv- 
en, allowing the computer to do other 














NOW AVAILABLE IN ULTRA-FAST 32 BIT WINDOWS VERSIONS 


Say goodbye to weeks of trial and error 
data fitting! Only TableCurve™ 2D and 3D can 
generate best fit equations for you in seconds. 





TableCurve 2D 


NOT JUST YOUR BASIC CURVE FITTER. 
Whether you need to evaluate 
empirical data or test a theoretical 
model, generate a calibration curve 
or a Monte Carlo simulation, there are 
only two programs that will save you 
weeks of trial and error data fitting — 
TableCurve 2D and TableCurve 3D. 
Not just ordinary curve-fitting 
software, both programs take over the 
thankless task of searching through 
thousands (or millions) of linear and 
non-linear equations to find those 
that best fit your data. And they can 
do it in seconds, freeing up weeks 
of your time for more important 
and rewarding projects. 


A WHOLE NEW ANGLE ON 

FINDING EQUATIONS. 

Not only will TableCurve find your 
best fit equations with lightning speed, 
it will also surprise you by finding 
equations you would never have 
thought of yourself. And TableCurve 
allows you to choose the best fit equa- 
tion for your particular needs — such 
as faster processing of a simulation 
program or a better fit beyond 

the asymptotic limits of a graph. 





TableCurve 3D 


TABLECURVE WORKS WITH YOU 

AS WELL AS FOR YOU. 

Among TableCurve’s other talents 

is its ability to work the way you do. 
Use it to evaluate empirical data and 
find equations for interpolation, extrap- 
olation or projection. Or ask TableCurve 
to find the parameters for a theoretical- 
ly pre-defined equation. It will dazzle 
you with its speed, power, robustness 
and accuracy either way. 


THE SCIENTIFIC AND ENGINEERING 


COMMUNITY MUST BE RIGHT. 
Chemists, engineers, physicists, 
geologists and other researchers have 
been unanimous in their praise of 
TableCurve. As engineer Scott Slavik 
said, “The most impressive software 

I have ever used — and I have used a lot!” 





TO ORDER CALL 1- 800-4-JANDEL (1-800-452-6335) 





FOR MORE INFORMATION PLEASE CALL, FAX OR E-MAIL: 
Jandel Scientific: 2591 Kerner Blvd., San Rafael, CA 94901 415-453-6700 Fax 415-453-7769 
Internet: sales@jandel.com In Europe: Jandel Scientific, Schimmelbuschstrasse 25, 40699 


Erkrath, Germany 02104/9540 02104/95410 (FAX). 


All company and/or product names are trademarks of their respective companies. ©1995 Jandel Corporation. 


SCIENTIFIC SOFTWARE 





Circle No. 82 


HOUSE — CHOOSING THE RIGHT DATA ACQUISITION SOFTWARE 


31 











tasks quasi-simultaneously. If the program 
had to wait for something to happen, it 
would loop, constantly polling to see if 
that one specific thing had happened. 

Then with the introduction of graphical 
user-interfaces (GUIs), such as those with 
Windows, applications began to use a new 
format known as event-driven program- 
ming. In this context, an event is any oper- 
ation that requires some response from the 
application program. Every time such an 
operation occurs, it produces a message. 

Some DAQ software will send a mes- 
sage to the application whenever a user- 
specified event occurs. In this way, polling 
is eliminated and event-driven applica- 
tions can be developed. Some examples of 
events include: a specified number of ana- 
log input samples have been acquired; the 
analog level and slope of a signal match 
specified levels; the signal is inside or out- 
side a voltage band, a specified digital I/O 
pattern is matched; and a rising or falling 
edge occurred on a timing I/O line. 

An example of event-driven messag- 
ing is an application feature that sends an 
alarm whenever a voltage exceeds high 
and low limits. Without messaging, the 
program would have to acquire the data, 
check if the data were above the high 
limit or below the low one, then acquire 
more data, repeat the check, and so on. 
With messaging, on the other hand, the 
developer first sets up the DAQ software 


Audiolab Sistemas Eletronicos Ltda., Belo Horizonte - MG Br. 


to send an out-of-range message when- 
ever the voltage on a channel exceeds 
the specified limits. Then, the program 
simply waits for an event to occur. If the 
application is running on a multitasking 
operating system, the microprocessor is 
at liberty to execute other programs. 


More pitfalls to avoid 

imultaneous use of analog, digital, 
S- timing I/O gives users the ability 

to perform multiple data acquisition 
functions at the same time. For example, an 
application that needs to acquire and gener- 
ate a waveform at the same time requires a 
simultaneous use of analog input and out- 
put. The fact that the hardware and the soft- 
ware both have analog I/O capability is no 
guarantee that the combination can use ana- 
log input and output simultaneously. 

If the application requires several DAQ 
products to be controlled by the computer 
at the same time, see to it that the software 
can control all of the products, simultane- 
ously if necessary. In addition, make sure 
that the DAQ products have some capa- 
bility to synchronize the timing and trig- 
gering if the application requires this. 

Even though DAQ hardware may have 
a high sampling rate, the DAQ software 
may be unable to maintain that rate. Pro- 
grammed I/O requires the microprocessor 
to control the conversion time and move 
every single data point. Having just this 


Te Mere iil meal gs 


(O) Has scripting language similar to Visual Basic 
(O) GUI simplifies set-up process 


(55+31) 271 1311; fax, (55+31) 222 0308; e-mail, angelo@fumsoft.softex.br 


(O) Supervisory control and data acquisition — 
package for power distribution management 





type of transfer capability is very limiting. 
If the microprocessor is determining the 
conversion time, the timing of the DAQ 
system will not be very accurate. With 
interrupt transfers, dedicated hardware 
timers can control the timing of the acqui- 
sition process, but the microprocessor is 
still left to transfer all the data. The most 
efficient data transfer is DMA, which uses 
a separate processor to move the data. 
Microsoft Windows 3.1 has presented 
challenges to DAQ software developers 
because it has much longer interrupt laten- 
cies than does DOS. A number of DAQ 
hardware products compensate for the 
longer latencies by increasing the first-in, 
first-out (FIFO) buffer size on the boards. 
A number of DAQ software develop- 
ers have written virtual device drivers 
(termed VxDs, x being a variable de- 
noting a specific device) to reduce the 
length of interrupt latencies of Windows 
to the levels of DOS. If the application 
will have to perform under Windows, the 
developer should be mindful of all the 
complexities that Windows adds to DAQ 
systems, and should make sure that the 
DAQ software not only runs in Windows, 
but has also been designed for Windows. 
Typical engineering and manufactur- 
ing environments boast hardware from an 
assortment of vendors. In this case, soft- 
ware designed with an open architecture 
to support DAQ hardware from different 


‘Supports DDE both as server and as client; 
also supports NetBios LAN connections 


Includes multiprotocol capabilities, visualization 
software, and interface with corporate database 


Axon Instruments Inc., Foster City, CA; 415-571-9400; fax, 415-571-9500; e-mail, heathern@axonet.com 


AxoData 1.2 Macintosh 6.0.2: _ 
meena en iiles ‘$100 


DOS 5.0: $2100 


| (1) High-speed data acquisition, display, 
and analysis 


General-purpose, but tailored to 
oe 


Tailored to at hail, membrane 
| biophysics, and electrochemistry ' 


Capital Equipment Corp., Burlington, MA; 617-273-1818; fax, 617-273-9057; e-mail, info@cec488.com 


TestPoint | Windows 3.1: $995 


(O) Data acquisition, instrument control 
analysis, and presentation for TEEE-A88, A/D, | measurement, and data acquisition 


D/A, RS-232, and DIO applications for Windows 


Easy-to-use tool for developing test, 


Coniputer Boards Inc., Mansfield, MA; 508-261-1123; fax, 508-261-1094; e-mail, ul@comp- -boards.com 


| Windows 3.1: 
$995 (DasyLab), 
$1295 (DasyLab+) 


[See glossary on p. 39] 


32 


(V) Icon-based data acquisition and control 
| software te 


Supports any language under DOS or Windows 


| Analog and digital /O from many boards, and 
IEEE-488, 
acquisition supported 


-232, and DDE I/O; very high-speed 





Continued on p. 34 
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Stanford Graphics 3.0 
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¢ Comprehensive statistical library of functions 
ever offered in a presentation package. 


¢ Graph Gallery of 171 chart types for fr Fe 
business, statistical and technical users. 


e Interactive presentation-quality 2D and 
3D graphics. 


e Links large external data files to a 
4-dimensional spreadsheet. 


¢ Formula Visualizer graphically displays 
user-defined equations. 


e Curve fitting, contouring, FFT’s and 
data smoothing. 


Call for a FREE InfoPak today! 


DDE, OLE and True Type font support. 1 -800-7 29-47 23 





¢ Complete Windows compatibility, including 
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STANFORD phone (713) 954-6424 fax (713) 781-9260 


Presentation & 
GRAPHICS pata Analysis Software e-mail: marketing@houston, vni.com 
Mosaic URL: http://www.vni.com 


Visual Numerics and Stanford Graphics are trademarks of Visual Numerics, Inc. 
All other brand or product names are trademarks of their respective owners. 
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vendors keeps a user from being locked 
into one vendor's set of hardware. 

Be aware that using one vendor's hard- 
ware with another's software may create a 
problem, with the hardware vendor refer- 
ring the user to the software vendor for 
help and vice versa. In addition, be sure 
to ascertain that all the hardware require- 
ments are designed into the software. 

Spend extra time up front to evaluate 
the tradeoffs of different classes of DAQ 
software and the software from different 
manufacturers. The payoff could be great 
time savings during application develop- 
ment. Ask the various vendors about the 
DAQ software considerations pertinent to 
the application. Find out if the manufac- 
turer of the software has a demo disk and 
if so, get a copy and use it to get a better 
understanding of the product. 

Finally, ascertain the flexibility of the 
software. It is important to make sure it is 
right for today's application, for tomor- 
row’s changes to the application, and for 
future applications. ¢ 





To probe further 
The IEEE Instrumentation and Measurement 
Technology Conference (IMTC/95) held last 
month in Waltham, Mass., included data 
acquisition topics (Conference Record No. 
3910). The meeting next year (IMTC/96) will 





‘Product name _ 


take place in Brussels, Belgium. Contact: 
Robert Myers, Conference Coordinator, 
3685 Motor Ave., Suite 240, Los Angeles, 
CA 90034; 310-287-1463; fax, 310-287-1851. 

The topic “C Under Windows 3.1 Simplifies 
Instrumentation Programming” is addres- 
sed by John Pasquarette in the January 1994 
Research and Development Magazine. 

The concept and development of the soft- 
ware-based virtual instrument (the labora- 
tory virtual instrument engineering work- 
bench, which came to be known as 
LabVIEW) is discussed in “An instrument 
that isn’t really,” /EEE Spectrum, August 
1990, pp. 36-39. 

Virtual instruments are dealt with by Ash Raz- 
dan in Weighing and Measurement, June 
1993, pp. 6-17. 

“Integration: The Future of Instrumentation” 
is discussed by Richard House in Automo- 
tive Engineering, March 1993, pp. 13-17. 
“Software Defines Data Acquisition” is 
addressed by Ray Almgren in Canadian 
Electronics, November 1993, p. 8. 





Data Translation inc., Marlboro, MA; 508-481-3700; f. 
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Data acquisition software 












DSP Basic language offers fast, easy access 
to data; high-speed plotting is included 


Includes callable math, filters, logic routines, 
Spectron MicroSystems’ SPOX O/S, and Texas 
Instruments’ optimizing C compiler for 
Fulcrum’s C40 processor © 


Cuts application development time; GUI shows 
data and analysis without programming by 
selecting input, data, and display objects from 
a menu and linking them 


Includes many example programs to perform 
analog and digital I/O without programming 


DSP-EZ Windows 3.1: $995 | (A) Optimizes DSP application development 
on Fulcrum data acquisition boards using 
| Misual Basic GUI 


DSP Lab DOS 5.0, (L) Complete developer's kit for © 
Windows 3.1: C programming of DSP for Fulcrum’s 
$2995 each C40-based data acquisition systems 









DT VEE for Windows | Windows 3.1: $995 | (V) Complete visual programming packing 


| for data acquisition, analysis 
(V) Powerful objects create functions such 
as FFTs 


VB-EZ Windows 3.1: $195 | (A) Two VBXs perform data acquisition and 
| analysis, and plot data in real time in 
Visual Basic 


Dataq Instruments Inc., Akron, OH; 800-553-9006; fax, 216-666-5434 
(T, L) Multitasking software for acquisition, 


WinDaq/200 Windows 3.1: $595 
display, and disk streaming of multichannel 
analog data 


Datel Inc., Mansfield, MA; 508-339-3000 ext. 285; fax, 508-339-6356 
PC-411 Board DOS: $95+ (V, L, S) Complete software support for Datel’s | Includes driven, virtual instruments, LabVIEW, 
support Windows 3.1: $50+ Sab. 1 and PC-412 general-purpose analog I/O Oe and Windows support; also full source 
oards : code 
PC-414 Family DOS: $95 (V, L, S) Complete software support for Datel’s | Fully commented C and visual C source code 
support Windows 3.1: $50+ | PC-414 high-performance analog I/O board available; has LabView library software; 
PC-430 Family DOS: $4954 (L, V, S) Full DOS, Windows, LabView, and 
Windows 3.1: $50+ | source code support for Datel’s PC-430 
high-performance analog I/O board with DSP 


executable setup-configuration files 
[See glossary on p. 39] 














No programming required 






















Includes driven libraries for high-performance 
data acquisition 
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Data acquisition software 


Operating systems _ os 
Product name and prices os and de: : a Comments and features 


Dianachart Inc., Rockaway, NJ; 201-625-2299; fax, 201-625-2449 


DOS, Windows: (T) Data-acquisition and control software for 
$875 each | process control and laboratory applications 


DSP Development Corp., Cambridge, MA; 617-577-1133; fax, 617-577-8211; dspdev@world.std.com 
Allows users to specify A/D collection parameters, 


DADiSP/LT DOS 5.0: $495 (A) Provides control of data acquisition 
hardware directly from DADiSP software collect data from the data acquisition board, 
and display data in a single step 


Fluke Corp., Everett, WA; 800-44-Fluke; fax, 206-356-5116; e-mail, sunny@tc.fluke.com 


Hydra Logger Windows 3.1: $595; | (0) When teamed with a PC and any unit Not limited to a specific application 
for Windows with trending of Fluke’s Hydra data acquisition series, this 
software, $995 new package creates a 20- or 40-channel 
data acquisition system 


GW Intruments, Somerville, MA; 617-625-4096; fax, 617-625-1322 


Macintosh, (V) Full-featured virtual instrumentation 
Power PC: software 
$1490 each 


HEM Data Corp., Southfield, MI; 810-559-5607; fax, 810-559-8008 


Window 3.1 or (A, V) PC-based data acquisition software 
higher: $995 for real-time data acquisition, display, and 
storage—all with no programming required 





Alarms, calculations, PID, PLC, voice phone 


Instatrend 5.0 / ; 
interface; mouse-driven, pull-down menus 




















Flexible front panel design—high-speed 
continuous recording; on-line analysis 





SuperScope II 




























Flowchart approach has 
instruments running in minutes; exceptional 
DDE communication; simultaneously acquires 
data from multiple I/O hardware 


Hewlett-Packard Co., Loveland, CO; 800-452-4844 ext. 8498; fax, 303-754-4800 (HP VEE 3.0); ext. 599 (HP3412A BenchLink Meter) 


Snap-Master Data 
Acquisition 














HP VEE 3.0 Windows: $995 (V) Graphical programming language for test | User creates desired look and controls an 
Unix: $2995 and measurement applications instrument (GPIB, RS-232, VXI, PC plug-in, 
GPIO, and LAN-based) in conjunction with 
text-based program 
HP3412A BenchLink | Windows 3.1: $150 | (T) Turnkey software Works with an HP 34401A digital multimeter o 
Meter HP 53100-series counter to capture meter data, 


display it on the PC, and perform basic analysis 
and primal: Turns the PC-instrument combina- 
tion into a basic data acquisition 

system. Captured data can be used in other 
Windows programs for further analysis 

or documentation. 








Hyperception Inc., Dallas, TX; 214-343-8525; fax, 214-343-2457; e-mail, brian.carlson@hyperception.com 


AMPS Windows 3.1: $1495 | (V) Virtual instrumentation software that turns 
a PC into a set of instruments 


Iconics Inc., Foxborough, MA; 508-543-8600; fax, 508-543-1503; info@iconics.com 


Genesis for Windows 3.1: $1595 | (0) SCADA; MMI Includes networking, DDE, OLE 2.0, ODBC for 
Windows (A) Adding live and history data to Excel operator interface 

(V) PID loop control capability 
Intec Controls Corp., Walpole, MA; 508-660-1221; fax, 508-660-2374; e-mail, intec@world.std.com 


DOS, OS/2, Windows 
NT: 
$2200+ each 









Includes filter design, spectrum analyzer, two 
oscilloscopes, and digital recorder 






Intuitive automation software for process mon- 
itoring, control, and information management; 
client/server modularity, font-windowing 
graphical interface 


(O) Graphical automation software can be tai- 
lored to any application requirement 










Paragon TNT 















Intelligent Instrumentation Inc., Tucson, AZ; 602-573-0887; fax, 602-573-9671 


Visual Designer 2.3 | Windows 3.1: $495 


1Otech Inc., Cleveland, OH; 216-439-4091; fax, 216-439-4093 


Windows 3.x: $395 | (A) Visual Basic extensions for developing data | Turnkey data acquisition software for Windows 
acquisition applications applications expected soon 


Keithley MetraByte, Taunton, MA; 800-348-0033; fax, 508-880-0179 


VTX Windows: $399 (A) Set of Visual Basic custom controls to 
(comprises three speed development of Windows-based data 
modules also avail- | acquisition : 

able separately) 


Kinetic Systems Corp., Lockport, IL; 815-838-0005; fax, 815-838-4424; e-mail, dowling@kscorp.com 


DOS: $10 000 
(includes VX Works 

target license, work- 
station, and one IOC) 


Block diagram building environment; supports 
DDE; supports wide range of data acquisition 
hardware, GPIB instruments, and serial devices 


(O) Application generator for creating custom 
applications without programming 











VisuaLab 



















Modules available for data acquisition, analysis, 
and graphing; uses a ea concept—a visu- 
al linkage among different data acquisition 

functions—to help create custom solutions 
























Efficiently supports small to large systems and 
can be used with one or more Unix-based host 
workstations 





(T) Software supports many channels and is 
based on open system concepts 


Reality 
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Operating systems 
Product name and prices Class and description Comments and features 


Laboratory Technologies Corp., Wilmington, MA; 508-657-5400; fax, 508-658-9972; e-mail, info@labtech.com 












Labtech Control DOS 2.0 or better, 
Windows 3.1: 


$1995 each 


(V) Software that contains graphics to optimize | Superset of company’s Notebookpro plus 600 
the display of real-time data function blocks in Windows (400 in DOS); 

includes alarm processing and operator-initiat- 
ed PID loop tuning; changes setpoints and 
alarm limits during a run 




















DOS 2.0 or better, As above Includes all features of company’s Control plus 
Windows 3.1: 2000 function blocks in Windows (470 in DOS); 
$3495 each has hot-backup fault tolerance, integrated PID 
loop tuning, sensor voting for industrial control 


Labtech Controlpro 























Labtech Notebook | DOS 2.0 or better, 
Windows 3.1: 


$495 each 


As above Industry standard, easy to use; 

no programming required; 

supports over 500 data acquisition I/O hard- 
ware devices; handles 100 function blocks 
















Has all features of Labtech’s Notebook, plus C- 
Icon Development Kit and Driver ToolKit; also 
supports RS-232 and GPIB instruments; handles 
300 function blocks 


Labtech As above 


Notebookpro 


DOS 2.0 or better, 

Windows 3.1: 

$995 each 

Labtronics Inc., Guelph, Ont., Canada; 519-767-1061; fax, 519-836-4431 

Collect, Collect/W DOS 3.1, Windows 
HAs 


US $295 each 






(A, O) Software supporting simultaneous multi- 
le-channel RS-232 data collection from virtual- 
y any serial device for data re, at timed intervals; data 

can be sent to ASCII files or any of many fore- 
ground applications, including Lotus and Excel; 
4-, 9-, and 12-channel versions available 


Supports real-time data parsing and spread- 
sheet calculations; queries RS-232 instruments 


























LabWare Ltd., Wilmington, DE; 314-865-3789; fax, 314-865-0110 


LabStation Version | Windows 3.1: (O) RS-232 communication to analytic instruments} Stand-alone or as add-on module to Windows- 
3.0 $3000] and parsing of result files on network server based client/server LIMS, multiple instruments 








Lucas Control Systems Products, Deeco Systems, Hayward, CA; 510-471-4700; fax, 510-489-3500 


Power-Assist Factory | MS-DOS: (O) PLC software Includes alarm monitoring, triggered statistical 
Automation (developer process analysis, and real-time metering 
Software package) $1500 

Catine 


package) $1000 
Microcal Software Inc., Northampton, MA; 413-586-2013; fax, 413-585-0126; e-mail, tch_microcal@delphi.com 


Origin DAQ Windows 3.1: $900 | Data acquisition into a worksheet central data | Supports plug-in acquisition cards, RS-232, and 
analysis and graphics package IEEE-488 applications 


Microstar Laboratories Inc., Bellevue, WA; 206-453-2345; fax, 206-453-3199; e-mail, sales@mstarlabs.com 





DAPview for DOS, DOS: $95 (O) PC software to control a data acquisition Every DAP board has on-board intelligence: a 
DAPwindows OS/2: $395 (incl. OS/2| board with its own on-board processor running | coprocessor that runs application under its 
driver) | a real-time Beaune system; interfaces this own operating system, free of any delays 
Windows: $295 real-time system with the host PC imposed by Windows—or other programs— 


running on the PC 
Momentum Data Systems, Costa Mesa, CA; 714-557-6884; fax, 714-557-6969; e-mail, info@mds.com 


DSPworks Unix: $2000 (T) Data acquisition for DSP boards Extensive board support—supports many DSP- 
Window 3.XL: $495 type operations 


National Instruments, Austin, TX; 512-794-0100; 800-433-3488; fax, 512-794-8411; e-mail, info@natinst.com 























































LabVIEW Windows, Windows | (V) Graphical software for data acquisition, Features a library of ready-to-use controls, 

NT: (base packages) | analysis, and presentation raphs, and strip charts for quickly and easily 
$995 uilding custom user interfaces and control 

Windows, Windows panels; with LabVIEW, users build block dia- 
NT, Mac, Power Mac: rams as the executable programs; includes 
(full development ibrary for controlling plug-in data acquisition, 
systems) $1995 DSP, and signal- conditioning hardware 
Sun: (full develop- 
ment system) $2995 

LabWindows/CVI Windows: (V) Visual development software for data A 32-bit, multiplatform development environ- 


ment for building C-compatible test, measure- 
ment, and control applications; includes a 

(full development built-in ANSI C compiler, linker, debugger, vari- 
system) $1995 able-trace display, and memory-checking abili- 
ties; has fully integrated libraries for data 
acquisition, analysis, presentation; users can 
incorporate external C source files, object mod- 
ules, and DLLs into programs 


(base package) acquisition, analysis, and presentation 
995 








[See glossary on p. 39] 
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Fe Melee tC meal 


An operating system for data acquisition that 
eliminates low-level pioareroming and inte- 
grates hardware with the application program- 
ing environment; callable from programming 
jiuages such as Visual Basic, Borland C++ for 
dows, and Microsoft Visual C++ 


data Sana 
hardware for DOS, 
Windows, Windows 
NT, Macintosh, and 
Solaris 


n easy-to-use GUI that simplifies the mea- 
ment of frequency response, power spec- 
, amplitude spectrum, coherence, tran- 
nt capture, cross spectrum, and total 
rmonic distortion 


implement the data acquisition 


e with data acqui- 
unctions for plug-in data acquisi- 


ion boards for 












822 9120; fax, (54+1) 821 3804 
(A) Add-on for turning MS-Exce 
_ | data-acquisition too 


Nivaltec SA, Buenos A 





Taurus Plan 





Manager — 


Pioneer Hill Software, Poulsbo, WA; 360-697 
ndows 3.1: $395 


See glossary on p. 39] 






(T) Real-time data 
analysis using multi 


tion and analysis — 


(T) Provides data reco igh: 
strip chart recor: 


tral 


ail, 73042.1756@compuserve.com 









_| Includes spectrogram and waterfall displays 





plus signal generator utility 





Get Back to the Business of Problem Solving with NAG 


Spend your time and talent on genuine problem solving, not software development 


Collaborating with over 280 numerical and statistical computing specialists around the world, NAG continuously develops its 
comprehensive software for scientists and engineers. With more than 20 years experience in creating state-of-the-art products, 
the robustness, performance and functionality of NAG software are unmatched. Benefit from NAG’s expertise with any of these 
quality products, available for over 80 computing platforms from PCs to supercomputers. 


NAG Fortran Libraries NAG Fortran 90 Compiler NAG C Library — now also for Windows! 


Valuable tools for the rapid development 
of custom applications — reduce your 
development and porting time and in- 
crease accuracy and performance with 
the following products: 

NAG Fortran 77 Library — contains 
over 1,100 highly efficient user-callable 
numerical subroutines. 

NAG 190 — the world’s first numerical 
procedure library for Fortran 90. 
Designed to capitalize on the increased 
functionality, power and simplicity of 
the new Fortran standard. 

NAG FL90plus — a library composed 
of the two powerful products above. 





NUMERICAL ALGORITHMS GROUP, INC. 
1400 Opus Place, Suite 200 * Downers Grove, IL 60515-5702 * 708.971.2337 © fax 708.971.2706 


The world’s first compiler, introduced in 
1991, to support the full ANSI/ISO 
standard for Fortran 90. With thousands 
of users worldwide, it is the leader in 
quality and robustness. Lets you 
maintain your investment in Fortran 77, 
while benefiting from all the new High 
Performance Fortran (HPF) language 
features. Take advantage of array 
operations, pointers, dynamically 
allocatable storage, derived types, data 
structures, modules and more! Latest 
version includes performance improve- 
ments and improved support of IEEE 
arithmetic exception handling. 
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If you prefer C for writing modeling, 
simulations and analysis, the NAG C 
Library offers many of the same com- 
prehensive numerical capabilities of our 
Fortran libraries. Includes BLAS, 
ODEs, optimization, integration, FFTs, 
OR, time series, filtering and more. 
Now also available as a true DLL for 
Windows, with over 250 rigorously 
tested routines! 


To order, or for more information 


Contact NAG, Inc. at the numbers 
below, or e-mail info-spectrum@ nag.com. 


specad95 
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Operating systems 


Product name and prices 


Class and description 





Comments and features 





Prosig USA Inc., Dover, NJ; 201-366-3999; fax, 201-366-4949; e-mail, prosig@earth.planet. 


net 





DATS+ V.2.1 DOS 5.0: $1490 
Unix/Motif: $3480 
Window 3.1, NT: 


2ndQ 1995 


(L) Point-and-—click user interface for driv- 
ing data acquisition hardware 


Supports third-party plug-in cards for PC; runs in 
transient capture mode and continuous mode to 
hard drive; Unix version features real-time frequen- 
cy analysis 





Sagian Inc., Indianapolis, IN; 317-328-3588; fax, 317-328-3589 





] DOS, Windows: 
contact vendor 


Camile TG 


Data acquisition and process control soft- 
ware 


Complete system including trending, logging, DDE, 
SFC, CFC, animated graphics, networking 


iL 





Scientific Software Tools Inc., Paoli, PA; 610-889-1354; fax, 610-889-1556 








Driver Linx 2.0 Windows 3.X: $149 


(L) Software DLL for developing data 
acquisition application in C/C+ and Pascal 


Supports A/D. conversion boards from eight ven- 
dors; supports WIN 32s, a programming interface 
by Microsoft for 32-bit code, and Watcom, a 32-bit 
C compiler 





Driver Linx/VB 2.0 Windows 3.X: $149 








(A) Visual Basic custom control for develop- 
ing custom data acquisition application 


Supports A/D conversion boards from eight vendors 





Signal Technology Inc., Santa Barbara, CA; 805-899-8300; fax, 805-899-4344; e-mail, stisa 


les@signal.com 





N!Power Unix, VMS: $4795 


Strawberry Tree Inc., 


(T, L) Object-oriented, X-Windows family of 
data acquisition and analysis software 


Sunnyvale, CA; 800-736-8810; fax, 408-736-1041 


1 


Visual programming, menus, pop-ups, and symbol- 
ic command language 





Workbench DOS 5.0, Macintosh 
6.0.7, Windows 3.1: 


$995 each 











(O) Icon-based, configurable software; no 
programming written in C; allows user- 
programmed icons to be added 


Includes DDE, RS-232, IEEE 488, FFTs, statistics, 





trigonometry context-sensitive help, built-in tutorial, 
and X-Y chart 




















Lightning-fast 2D and 3D graphing for PCs. 


and 


Tap into this billion-dollar wireless market... 


WIRELESS 


PERSONAL COMMUNICATIONS 


(wet Ron Schneiderman, Sr. Editor, 


wee mel 


Microwaves and RF Magazine 
Microwaves and RF Product Extra 


n this comprehensive book you will find a complete overview of 


the wireless market including emerging technologies, regulatory 

issues, standards, competitive analysis, market projections and 
opportunities overseas. Key topics covered include cellular/per- 
sonal communications, mobile satellite services, wireless messag- 
ing, portable computing and wireless LANs/PBXs. Included is a 
directory of over 150 companies, trade associations and govemn- 
ment and regulatory agencies involved in wireless activities. 








| Newin V3: Other features: | 
| Fulk3D°graphing Semilog & log-log plots 
Sidemaking Polar.-plots | 
Programming interface FETS 
Button: bar Statistcs 
Online. help Calculus | 
Image ‘plots Scripting Janguage 


3D contour plots 


Nonlinear. curve. fits 
Animated 3D. rotation 


Call for a free demo & Great new pricing! 


| 
3D curve fitting 


@© Spiral Software 
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$29.95 ($25.00 member) 
1994 Hardcover 224 pp 
IEEE Order No.PC3590 _ ISBN:0-7803-1010-1 


For fastest service , call 


1-300-673-IEEE 


(1-908-981-0060 outside the U.S.) 
or fax: 1-908-981-9667 


THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC. 
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Operating systems 
and prices 


Product name 







DOS: $159 


Software Wedge 
Windows 3.X: $199 





Class and description 


Le Meee iid east) ey 






Comments and features 










T.A.L. Enterprises, Philadelphia, PA; 800-722-6004; 215-763-7904; fax, 215-763-9711 


(A) Adds real-time data acquisition to any PC 
program 


Collects data from any RS-232 instrument or 
serial device; has many advanced features and 
full DDE support 





DOS: $295 


Software Wedge Pro 
Windows 3.X: $395 


(A) Adds instrumentation control as well as 
real-time data acquisition to any PC program 






Advanced data parsing, filtering, and formatting; 
expanded DDE support; faster data throughput 





Ultraview Corp., Fremont, CA; 510-657-9501; fax, 510-657-0927; e-mail, ultrav@netcom.com 








Ultrasoft 2.4 Unix: $695 


(L, S) Contains software for making data acqui- 
sition calls in C; also contains source code that 
can be compiled into any C program 


Allows simultaneous multichannel A/D, D/A, 
TTL in and TTL out, with Windows graphical 
waveform display 





Visual Solutions Inc., Westford, MA 01886; 


508-392-0100; fax, 508-692-3102; e-mail, info@vsol.com 





VisSim Windows 3.1, 
Win32s, NT: 


$795+ each 











(O) Stand-alone application with data acquisi- 
tion drivers 





Visual block diagram programming; includes 
simulation and control capability, MMI for con- 
structing control panels, data analysis capabili- 
ty, digital and analog I/O, counter timer, ther- 
mocouple linearization; supports common 
cards from Advantech, ComputerBoards, 
Keithley MetraByte, Data Translation 











Abbreviations and glossary 

(A) = add-on tools (for, say, adding data acquisition 

software capabilities to other tools, such as Lotus 1-2-3) 

(L) = language interface software (for accessing data ac- 

quisition subroutines, say, from a programming language) 

(O) = other (S) = source code (typically in C, for com- 
pilation into a data acquisition application) 

(T) = turnkey software (tailored to a specific use) 

(V) = virtual instrumentation (“custom instrument” design) 


A/D = analog to digital; CFC = continuous function charts; 
D/A = digital to analog; DDE = dynamic data exchange; 
DIO = digital input/output; DLL = dynamic link library; 
DSP = digital signal processing; FFT = fast Fourier trans- 
form; GPIB = general-purpose interface bus; GPIO = gen- 
eral-purpose I/O (means input and output via a general- 
purpose interface board); GUI = graphical user-interface; 
1OC = I/O controller; LAN = local-area network; LIMS = 
laboratory information management system; MMI = man- 


machine interface; ODBC = open database connectivity; 
OLE = object linking and embedding; PID = proportion- 
al, integral, and differential (control); PLC = program- 
mable logic controller; Scada = supervisory control and 
data acquisition; SFC = sequential function charts; VBX = 
Visual Basic extensions; VXI = VMEbus extensions for 
instrumentation; WIN 32s = a version of Windows that 
supports 32-bit applications (the programming interface 
for it is a subset of Windows NT). 


Eliminate the excess baggage of multiple chips from 
your design with Simtek’s new single-chip solution 


e 32Kx8 and 16Kx16 
e Surface mount and DIP 


e No batteries 
e [deal for DSP 


e Fast read/write access time of 25ns 

¢ 100,000 store cycles minimum 

¢ 10-year data retention guaranteed 

e Commercial/industrial temperatures 
e AutoStore™ capability 


Call 800-637-1667 today for details on 
Simtek’s family of reliable nvSRAMs. We'll 
send you a “Get On Board” baggage tag! 


Simtek Corp., 1465 Kelly Johnson Blvd. 
Colorado Springs, Colorado 80920 
719-531-9444, Fax 719-531-9481 
Internet: http://www.csn.net/simtek 
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THE UPHILL STRUGGLE 


No rose garden for 
women in engineerin 


recious few women, worldwide, are choos- 

ing careers in engineering. In the United 

States, women make up 54 percent of a pro- 
fessional workforce that includes scientists, engineers, 
mathematicians, doctors, nurses, lawyers, and 
teachers. Yet a paltry 8.5 percent of all engineers and 
7.2 percent of electrical engineers are women. 

The situation is grimmer in other industrialized 
countries. Women in Europe and Asia account for 
an even smaller percentage of the engineering work- 
force, ranging from 7.5 percent in France down to 
2.9 percent in Japan. 

Even more worrisome is the fact that most wom- 
en who find their way into engineering do not thrive 
professionally. At technical conferences, few wom- 
en give papers; fewer yet chair sessions or partici- 
pate in panel discussions. An even smaller number 
make it into the top ranks of their organizations. At 
a time when affirmative action programs are under 
siege in the U.S. Congress, a Federal study has 
found that women and minorities are still grossly 
underrepresented in upper management. 

To elucidate the factors that keep women from 
pursuing engineering careers, IEEE Spectrum 
brought together a panel of eight successful women 
for a roundtable discussion, held at our offices in 
New York City on Feb. 22. The panelists work in academic, corpo- 
rate, government, and consulting jobs within the Unites States. Perhaps 
the low percentages of women engineers in other industrialized nations 
may help to explain Spectrum's lack of success in finding panelists 
from European and Pacific Rim companies. 

The participants minced no words in laying out the problems 
that women engineers face and in sharing their strategies for dealing 
with them. They also offered suggestions to men and women engi- 
neers and their managers for making engineering a more rewarding 
profession for everyone. 

From the tenor of the discussion, it was clear that all participants are 
fiercely independent, and unwilling to let anyone dictate what they 
might or might not do. This may be one factor that keeps 
the percentages of women engineers in the single digits. 
While a man considers engineering to be a career, a wom- 
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an—to be successful—must also consider it to be a crusade. Besides 
brains and ability, a woman needs mettle to make it in engineering. 

The participants were: 

Eleanor Baum (F), dean of engineering at Cooper Union in 
New York City. She is a director of Allegheny Power Systems Corp., 
Avnet Corp., and the United States Trust Co. She is also the presi- 
dent-elect of the American Society of Engineering Education. 

Diana J. Bendz (SM), director of integrated safety technol- 
ogy for IBM Corporate Operations and Environmental Affairs, 
Somers, N.Y. She is a member of the IBM Academy of Technology 
and the chair of the IEEE Committee on the Environment, Health, 
and Safety. 

April S. Brown (SM), associate professor of elec- 
trical engineering at Georgia Institute of Technology in 
Atlanta. She is a distinguished lecturer for the IEEE 
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Electron Devices Society, an associate editor of the Journal of 
Electronic Materials, and chair of the IEEE Committee on 
Women in Engineering. 

Jan Brown (SM), an independent consultant in technology 
management, transfer, and commercialization, based in Austin, 
Texas. She bas investigated sensor technology and applications at 
Schlumberger-Doll Research Corp. and at Fisher Controls. She is an 
associate editor of the IEEE Transactions on Ultrasonics, 
Ferroelectrics, and Frequency Control. 

Patricia L. Eng, senior transportation project officer for the 
U.S. Nuclear Regulatory Commission in Washington, D.C. She is 
responsible for evaluating the inspection programs and policies affect- 
ing the storage of spent nuclear fuels. She also serves as vice president 
of special services for the Society of Women Engineers. 

Phyllis Hall (A), the staff executive for publications at the 
IEEE with responsibility for magazines, transactions, journals, 
books, electronic products, and the IEEE History Center. She is 
the founder of the Athene book series, an award-winning series of 
feminist works now published by Macmillan. 

Julie Shimer (M), vice president of the technical staff and direc- 
tor of advanced custom technologies at Motorola Inc. in Mesa, Ariz. 
Her prior work at AT&T's Silicon 
Technology Development Laboratory 
focused on silicon process development. 
She is an associate editor of the IEEE 
Electron Device Letters. 

Martha Sloan (F), professor of 
electrical engineering at Michigan 
Technological University in Hough- 
ton, Mich. She was the president of the 
IEEE in 1993—1ts first woman presi- 
dent—and is on the IEEE Strategic 


Planning Committee. 


PHOTOS: JERRY VALENTE 





Getting started 

SPECTRUM: Let's find out 
why each of you chose engineer- 
ing as a career. 

APRIL BROWN: My father is 
an electrical engineer and so is 
my sister. My first choice before 
college was psychology, but my 
father asked me to give engineer- 
ing one year as an undergraduate 
and, if | was not happy, | could 
change majors. He thought that 
studying engineering was a good 
way for me to keep my options 
open. | kept going, first of all because a lot of people told 
me | could not do it and that's a great motivator for me. And 
I really do enjoy it—I like problem-solving. 

JAN BROWN: In seventh grade I decided I was going to 
be an astrophysicist, and pursued that track until my fresh- 
man year in college when | took my first calculus course. | 
decided then | was not going to be a theoretical anything. (An 
experimental astrophysicist would work.) 

So I continued in physics. Throughout my undergradu- 
ate training, every semester my advisor suggested that | 
major in something else. Maybe linguistics or sociology, 
but not physics. Partly because they said | couldn't do it, | 
said I was going to do it. But also | felt that—even if I did 
not continue doing it later—it was the only time in my life 
that | would do math and science. I could pick up a histo- 
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ry book later, or maybe an economics text or sociology 
book, but would I pick up a math book? Probably not. 
Besides, | liked it. 

The reason | got into engineering is that in the IEEE 
there's a Society called Ultrasonics, Ferroelectrics, and 
Frequency Control. Most of the people in the Society are 
physicists. There are a few electrical engineers, but the 
technology is ultrasonics. 

SLOAN: My story has a little bit in common with both 
Browns. | was interested in physics in high school. | liked 
math and science. | wanted to go into physics and then 
my father suggested engineering. When I was accepted at 
Stanford, I was advised that if | had any idea that | might 
ever want to go into engineering, to start out in it because 
I could transfer out easily but couldn't transfer into it. 
That made sense. 

] had gone the previous summer to a program at 
Northwestern's national high school institute for five 
weeks, which provided an exposure to all the fields of sci- 
ence and engineering. They taught us about very elemen- 
tary ac circuits and | thought that was pretty neat stuff, so 
I signed up for electrical engineering, and | am still here 
these many years later. 

SHIMER: I guess fathers are a big influence in a career 
choice. I was in second grade, I guess, about eight—this was 
just post-Sputnik—when my dad, who was an educator in 
our school system, brought home a series of comic strip sto- 
ries put out by General Electric to encourage young men to 
go into electrical engineering. And | decided then that that 
was what I wanted to do. 

In high school | got more interested in physics and did 
my undergraduate work in semiconductor physics. | got 
married when I was in college, so | went to Bethlehem, Pa., 
where my husband was living. I worked for Bethlehem Steel 
for three years as an electrical engineer. Then | said, “The 
heck with this, I'm going back to graduate school.” | went 
into electrical engineering, which is what I was really inter- 
ested in. | worked for 10 years at AT&T and the last couple 
of years at Motorola. 

ENG: I have a lot in common with you, but it wasn't my 
father who got me into the sciences. | just started taking 
things apart at home and putting them back together. 
There were usually several pieces left over. My mother got 
angry with me when | couldn't get the alarm clock back 
together and told me | had to learn how to fix it right. In 
third grade | asked my science teacher why a ball bounced 
and she said, “When you get into high school, take physics 
and you'll learn." So I did and | fell in love with physics 
because it explained why everything works. In college, | 
majored in theoretical particle physics. But it was very frus- 
trating to try to solve equations that were impossible to 
solve. So I went into nuclear engineering, where you could 
truncate after the third term in the series. 

HALL: I now realize I'm a closet engineer. In the 1960s 
I became a computer programmer and systems analyst at a 
time when | was the sole support of a family of five. | had 
been working on the night shift of a newspaper and want- 
ed to work days. 

So I went to the personnel department and asked what 
I could do. And they said, “Well, we're looking for pro- 
grammers.” So | took a test and somehow passed and was 
whisked off to school at IBM. My job was to convert 
everything to data processing. And so, | guess | am, in 
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many respects, an engineer, although | 
wouldn't define myself that way. 
BENDZ: I was always strong in math 
and science and my father had been a chem- 
ical engineer. He was very supportive, but 
my mother was always my biggest cheer- 
leader. As an undergraduate, I was the only 


girl in my curriculum—it was chemical 
engineering, not electrical. But I've been in 


electronic development most of my career, 
and I've been very active in the IEEE because 
that's really my field of activity. 

BAUM: I was one of these 
good kids who did well in most 
things in high school. I liked 
math and physics, but honestly 
found it more difficult than all the 
other subjects. When the time 
came to talk about college, the 
boys in my class who were taking 
advanced math and_ science 
courses said they wanted to be 
engineers. I really didn't know 
what it was about. I was supposed 
to be an elementary school teach- 
er or nurse—because that's what 
women did. | got angry and said I 
was going to be an engineer, too. 
Of course, everyone told me | 
was crazy, including my parents. 

But I got into an engineering 
school and studied electrical 
engineering for a wonderful rea- 
son. | was terrified of machin- 
ery. | had never taken anything 
apart. | hated high school chem- 
istry and the only other kind of 
engineering | knew about was 
electrical engineering. Heck, | 
could plug things into the wall, 
so what was the big deal? No 
problem! And | found that | 
liked most of it in college. But | 
felt very conspicuous—I was made to feel 
very uncomfortable in a lot of classes and 
I'm not a shy flower. 

I went to City College in New York, 
which was not a nurturing environment. | 
stuck with it and it was interesting enough 
that | worked in industry a number of 
years. Then | went back to get a Ph.D. so 
that | would never have to work again in 
the kind of horrible job | had in industry 
with my bachelor's degree. 

My mother denies it now, but she real- 
ly went off the wall when I decided to 
study engineering. For her, the important 
thing was that people were going to think 
I was peculiar and I would never get mar- 
ried. And in my mother's frame of refer- 
ence at that time, that was the most 
important thing in the world. 

JAN BROWN: My. parents always 
thought it was a phase that | was going 
through. | remember when | finally got 
my Ph.D., my mother said, “Well, this 
isn't a phase, is it?’ She was very disap- 
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pointed for the very same reason. I was 
supposed to be married. 

BAUM: My mother was even more 
upset when I| wanted to go to graduate 
school, because according to her—and 
she had thought this through—I was 
limiting the available group of men. | 
was becoming too educated. No one 
was going to want me. | remember that 
expression—and her incredible relief 
when | got married. 








‘A positive influence for the 
generation now in pre-school is 
the wonderful things being done 


with computers.’ 
MARTHA SLOAN, engineering professor 


I wound up in engineering education 
at a time when | had a couple of kids and 
it seemed like a good option. That was a 
time when having children and working 
was just as shocking as being an engineer. 
My husband's family was absolutely mor- 
tified. It meant people would think that 
he couldn't support me. Why else would 
I work? I should sit home, bake cookies, 
and have a happy life watching the suc- 
cess of my children and my husband and 
not think in terms of a career. 


BAUM: You know, there are a couple 
of recurring themes. One is that, obvious- 
ly, all of us who went into engineering or 
physics were good in math and science in 
high school. The second is’that it seems 
to me that none of us were encouraged by 
high school teachers and guidance coun- 
selors. Those of us who had an engineer 
in our families were encouraged by our 
families, otherwise, not. 


APRIL BROWN: I was discouraged by 
teachers. 

BAUM: Me, too. In college as well. 

JAN BROWN: I would say the faculty 
discouraged me as an undergraduate, but 
in high school all my math and science 
teachers—male and female—were great. 
Teachers respond well to good students, 
male or female. 

BAUM: My teachers responded well, 
but they didn't encourage me to go into 
engineering. Since | was very 
good in math, they encouraged 
me to think in terms of becom- 
ing a math teacher. 

SHIMER: I had a female 
guidance counselor who had a 
master's degree in geology and 
had chosen to go into education 
because of the pressure she felt, 
and | believe she was trying to 
push that off on me. She said, 
"Why do you want a career in 
science and engineering?” She 
was actively and sincerely trying 
to talk me out of applying to 
institutes of technology. She 
was saying that | should give 
myself an option to get out of a 
technical career. 

BAUM: Another very dis- 
couraging thing was that when | 
passed the doctoral qualifying 
exam, people had the attitude 
that | was taking a place that a 
man really needed. | didn't need 
it because | would have a hus- 
band to support me. 

SLOAN: In fact they had the 
draft in my college days. By being 
in the top half of my class I was 
knocking some guy into the bot- 
tom half and possibly into the 
army. Stanford's response was to separately 
rank the women and the men. | was the only 
woman. But | had to be separately ranked to 
save one person from being drafted. 

ENG: I'm mentoring about 20 young 
women between the ages of 14 and 21 
and the single biggest problem they have 
is not in high school. There we have so 
many intervention programs through var- 
ious societies to encourage young women 
to pursue math and science. 

It's not until they get into college and 
encounter some professors from overseas 
that the problem starts. What I'm hear- 
ing is that the professors who are raised 
and educated here are much more re- 
sponsive and more nurturing of the 
women students than the professors from 
cultures where women have historically 
stayed home and raised the children. 
Based on information from the student 
sections of the Society of Women 
Engineers, we lose a lot of bright young 
women because these professors are 
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downright denigrating. They tell you, 
“You know, you can take this class, but 
you're never going to get a job because 
you don't have the skills that it takes.” 
And it's getting much more blatant. 
BAUM: At many colleges now, there is 
a critical mass of women studying engi- 
neering. So they no longer need to feel 
like pioneers. Women who are now in 
engineering programs don't feel 


en goes into engineering, she is a super 
student. And it puts such unfair pressure 
on women. It's okay for men to be C stu- 
dents—it should also be okay for women. 
But somehow we don't allow that. They 
have got to be super-achievers. And in- 
deed, studies of women who go into engi- 
neering find that they tended to be super- 
students in high school. 





weird. The kinds of things that 
they do face, in addition to the 
problem of foreign faculty, is an 
assumption on the part of a lot of 
older professors that all students 
come from the same kind of gestalt 
that they themselves came from— 
knowing how to fix cars and hav- 
ing the skills that go along with 
that. | think there has to be an 
understanding that neither women 
nor most minority students have 
had those kinds of experiences and 
that you can't explain things in 
those terms. Schools have to make 
a major effort for diversity of facul- 
ty. There aren't enough female role 
models on engineering faculties. 

APRIL BROWN: The percent- 
ages may be there overall. But 
when I talk to women undergrads, 
there is still a feeling of isolation 
because they are separated. There 
needs to be some intervention on 
the part of faculty members in cer- 
tain experiences—for example, 
engineering laboratories. There's 
some indication—and this was also 
my personal experience—that par- 
ticularly in the lab, women stu- 
dents are isolated. 

BAUM: As data takers, right? 

APRIL BROWN: Yes. Data tak- 
ers. They have experiences that don't help 
their self-esteem in general and some inter- 
vention by the faculty running the labs 
needs to occur. | have a good friend at 
Georgia Tech, a male faculty member who 
is very proactive about this. He looks at 
how men and women are participating, 
and tries to see that everyone gets equal 
hands-on experience. If the women stu- 
dents tend to feel intimidated because they 
don't have the mechanical experience, he 
makes sure they have the opportunity to 
get their hands on the equipment. 

SLOAN: On the other hand, a posi- 
tive influence for the generation now in 
pre-school is the wonderful things being 
done with computers. You can observe 
pre-schoolers using the computer with- 
out fear. The feeling that they can be in 
command of a computer and a mechani- 
cal system will be a help to the girls that 
are coming up. 

BAUM: On my campus and on many 
others, the faculty assumes that if a wom- 


GEPPERT THE UPHILL STRUGGLE 





‘Studies of women students who 
go into engineering find that 
they tended to be super-students 
in high school.’ 
ELEANOR BAUM, dean of engineering 


SHIMER: The signal we're sending is 
that it's very tough for a woman to get 
into engineering. She has to be very 
good, but any old guy can be an engineer. 
The perception starts before they get to 
college, and if the professors don't pay as 
much attention to the average female stu- 
dent as they do to the average male stu- 
dent, then it just gets reinforced. 

BAUM: Or they think there's some- 
thing terribly wrong if the females in the 
class don't have much higher grades. 

JAN BROWN: I heard an encouraging 
thing the other day from a faculty person 
who said that as they've increased the 
number of women in their incoming class- 
es, they are getting more women who are 
average students. They're not just at the 
top of their class. 

BAUM: That's good news. | think 
that’s unusual nationally, though. The 
norm is still that the women tend to 
come in with higher standardized test 
scores and higher high school grades, 


or else they're discouraged from going 
into engineering. 

APRIL BROWN: While we can do all 
these things to help engineering schools 
educate, surveys of Georgia Tech stu- 
dents indicate that the faculty are great, 
the programs are great. The biggest pro- 
blem is that the women are not fully ac- 
cepted by their male peers. 

BAUM: In cities like New York 
where you have a diverse popula- 
tion with many immigrants, it 
becomes a big problem with our 
students. We're seeing a lot of that 
right now with Asian women. 

Several times I've walked into a 
ladies’ room and found weeping 
young Korean or Vietnamese 
women whose male student so- 
called friends have made them feel 
terrible. “How dare you ask a ques- 
tion? It's unfeminine. It's arrogant. 
You're supposed to sit with your 
eyes down and your mouth shut." 
These women are really torn. 
They have not been born in this 
country, and come from a home 
environment where if a man says 
this to them, it makes a lot of 
sense. It's a big mess. 

SHIMER: It's not fair just to put 
the blame on other ethnic groups. 
It's very pervasive. It still surprises 
me that the male attitude hasn't 
changed that much from when | 
was in school. It's this attitude that 
| wouldn't want a wife who makes 
more than | do; | wouldn't want a 
wife who has a higher education 
than | have.” 

People have said things to me like 
“You have a job that a man should 
have"—not in the past few years so 
much, but in the ‘80s when there were lay- 
offs. | was occupying some deserving 
male's spot—not on the basis of perfor- 
mance, but because he had a family to 
support. My husband worked, so | had no 
right working. | think those attitudes con- 
tinue to exist, and changing economic fac- 
tors cause them to ebb and flow. 

JAN BROWN: Even if we go back to 
high school; what guy wants to date a girl 
that has higher grades than he does? That 
was a big thing in my high school. 


BAUM: A basic problem is that engi- 
neers have an absolutely lousy image. 
They don't have a professional image. 
We've so splintered ourselves into sepa- 
rate disciplines that nobody speaks for 
the profession of engineering. 

SHIMER: Elementary and junior high 
school teachers don't know what engi- 
neers do, who engineers are, or what 
engineers look like. 
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JAN BROWN: And whose responsibil- 
ity is that? It's our responsibility to do 
something about that image. 

APRIL BROWN: Well, it's the me- 
dia's also. 

BAUM: Thank God for “Star Trek"! 

JAN BROWN: You know what’ really 
bad? Walt Disney, Beauty and the Beast. The 
inventor father and the smart daughter, 
totally ostracized by the town. Nobody 
liked the engineer. Nobody liked the girl 
because she liked to read. They gave her 
total grief. Other Walt Disney films 
have the same themes. Anyone who 
is a scientist is either mad or a total 
nerd. This is what our two- and 
three- and four-year-olds are seeing. 

HALL: There's also a naming 
game going on here. When engi- 
neers do wonderful things, they 
don't call themselves engineers 
anymore. Do you think of Bill 
Gates as an engineer? Bill Gates is 
an entrepreneur. We could name 
many prominent engineers, whose 
contribution anyone would recog- 
nize, but I don’t hear the word “en- 
gineer’ tacked onto what they are. 
I think of the wonderful stories of 
Edison or Bell, but | never thought 
they were engineers. They were 
inventors. 

Maybe women in engineering 
find it so tough because male engi- 
neers have very low self-esteem, so 
somebody has to be even lower. 
That's different in other disci- 
plines. I'm learning from the IEEE 
what a low self-esteem our practic- 
ing engineer has. 

BAUM: Is it because they are the 
first generation to be educated as 
compared with most other fields? If 
you have parents who are college 
educated, majoring in literature or 
thinking of law school makes sense. 
But if you have a blue collar back- 
ground, engineering is almost the first 
boot-strap kind of profession. 

JAN BROWN: More than that, it's the 
image of the engineer in society. You 
don't tell people you're an engineer, even 
when you're successful. 

BAUM: Of those women who either are 
practicing engineers or are studying engi- 
neering in college, 75 percent have a father 
or brother who's an engineer. It's almost 
like you have to know and respect an engi- 
neer to get through that negative image. 

HALL: Maybe engineering is hereditary. 

ENG: No. No. 

APRIL BROWN: [Representative] Pat 
Schroeder [D—Colo.] was speaking at a 
conference on encouraging more women 
to go into math and science, and she said 
that having a TV show like "L.A. Engin- 


eer’ could have a tremendous impact. 
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‘Lsee women who are well 
qualified and educated but 
who are not opting for 

a Career.’ 


HALL: It won't be called "L.A. Engin- 
eer.” It will be called “L.A. Entrepreneur" 
or "L.A. Inventor." 

JAN BROWN: Why can't we have, in 
Red Book and McCall's and Popular Mechanics 
and other magazines read by everybody, 
profiles of women engineers? 

| was talking to [Tsuneo] Nakahara [vice 
chairman of Sumitomo Electric Indust- 
ries Ltd., Osaka, Japan]. He has a daugh- 
ter who is a computer engineer. | asked 
him about the changing role of women in 





DIANA BENDZ, IBM executive 


Japan and the single best thing we can do 
to change the image in Japan. He said 
that popular magazines should profile 
women engineers. 

BAUM: For the last 15 years I have 
been trying to get a magazine like Seven- 
teen to cover anything on women in engi- 
neering, and | have gotten absolutely 
zero interest. 

APRIL BROWN: If computer engi- 
neering is the No. 1 job for the future, 
then there needs to be some press relat- 
ed to how attractive a career it could be 
for women. 

BAUM: And going back to campus: the 
Society of Women Engineers will very 
often run a program with industry wom- 
en as speakers and role models, and the 
audience will be all women. I think it’s ter- 
ribly important for men to see successful 





female role models. You've got to sensitize 
university communities to do that. | think 
that's true with minorities, too. You have a 
successful black engineer and no one 
meets him but your black students. You 
want your white kids to meet him. 


Gender issues 

HALL: Women in engineering have 
successfully made themselves genderless. 
They feel that they must be seen as pro- 
fessional engineers. Women in other dis- 
ciplines say, “I am a woman and I am a sci- 
entist and I bring something special to my 
science.” Women engineers are divorced 
from that. They don't even recognize that 
they can say they have a gender, both to 
themselves and to others. 

JAN BROWN: It takes 2 hours in any 
conversation with a group of engineering 
women before they can recognize that 
something is different about them from a 
male engineer, and that that’s okay. 

HALL: Maybe even positive. 

SHIMER: Up until now, engineering 
has been such a male-dominated profes- 
sion that all the approval comes from 
men. Women are not used to looking to 
other women for approval or for support. 
If 1 tell you that you did a good job, you 
say, “Well, you're another woman” and 
discount it. | have paid a lot of attention 
to this in the workplace and I've tried to 
mentor other women and encourage 
them. It makes a world of difference in 
an organization. 

JAN BROWN: One study of college 
classrooms showed that some of the dyn- 
amics that go on when there's only one 
woman in the classroom change when 15 
percent are women. You've got to get to 
the 15 percent. Well, as you just pointed 
out, at Motorola there's this isolation. 
There might be 15 percent of us in the 
whole corporation, but we're one here, one 
here, and one here. We don't get togeth- 
er as a group to affirm that someone else 
is feeling the same type of thing, and that 
makes an enormous difference in how 
youre coping. 

I have done a lot of lecturing on wom- 
en's issues. When I speak to both men and 
women, the men ask all the questions and 
the women are passive until the men leave 
the room; and then I can get them to talk. 

BAUM: I do a lot of this kind of lectur- 
ing, too. That has not been my experience 
on college campuses, but it has been very 
much my experience in corporate set- 
tings. I spoke at an industrial plant where 
women came up to me afterward and said 
they were afraid to ask questions because 
their bosses were there and would be 
unhappy. | got calls at home. That plant 
has big troubles. It's interesting—in a uni- 
versity setting where people basically 
tend to feel much more independent, you 
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don't have that. You have the women not 
afraid to ask the questions and, in fact, 
eager to do so. 

SHIMER: Another thing that happens 
in corporations is that women are expect- 
ed to sit down and keep quiet. It blew my 
mind when | first started at Motorola. | 
was trying to learn my job, and | thought 
the best way to do this would be to sit 
quietly and listen at a couple of staff 
meetings to pick up what | could. And 
several of my co-workers came up to me 
and complimented me on the ex- 
cellent way I'd started out in the 
company because | hadn't said any- 
thing! So | started talking to other 
women and found they were all 
getting this message to just sit down 
and keep quiet. 

BENDZ: I can go one step fur- 
ther. They're not saying it directly 
but in the way they behave— 
whether it's language or aggression 
or sexual things, you're totally iso- 
lated from the conversation, even 
though you're in the room and have 
something to say. 

BAUM: Do you think that hap- 
pens on all levels? I'm on several 
industrial boards, for example, and 
at the board level I'm not really 
aware of that. 

JAN BROWN: On a board, you 
are assumed to have a certain exper- 
tise or some reason for being there, 
and there's a certain amount of 
respect for that. But are the meeting 
dynamics between men and women 
on the board the same as they are in 
other places? 

| would venture to say that they 
are a little more gentile, a little more 
subtle, but the dynamic is still there. 
How many women are on boards 
that you serve on, and what are the 
men doing when you speak? How 
many quit listening or start making 
notes or tune out? How do they re- 
gard what you've said? That's another is- 
sue. You can't tell right away about what's 
going on there. 

BAUM: It's different for me because | 
speak very emphatically and very loudly, 
so people don't do that. But | know what 
youre saying. One of the young female 
faculty members at my own institution 
tells me that she's completely convinced 
that the fact that | speak so loudly and em- 
phatically is a big factor in my success. 

HALL: Do you speak in the same way 
at that Board of Directors meeting? 

BAUM: You bet | do. 

BENDZ: One thing that we don't do 
enough of is emphasize the qualities, the 
interpersonal skills, as well as the techni- 
cal training, that a woman brings into a 
technical job. 


GEPPERT — THE UPHILL STRUGGLE 


SHIMER: Women uniquely bring a hu- 
man side to engineering. At least I do. | 
feel that what I bring is good for men and 
women. By the way, the men who work in 
my organization feel that way and most of 
them never worked for a woman before. 
Any time you look at my staff, any staff 
I've ever managed, it's always more diverse 
than anybody else's staff because that's 
what I'm trying to do. 

JAN BROWN: The people above 


you—are they recognizing the importance 
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‘When engineers do wonderful 
things, they don’t call themselves 
engineers anymore.’ 
PHYLLIS HALL, IEEE staff executive 


of what you're doing on this other level of 
human development? They can recognize 
that you've got a diverse group that's very 
productive in doing what it needs to do 
and they can think that you're doing very, 
very well. But do they reward that? Do 
they use that as a model for other workers? 

SHIMER: No, not as much as I'd like 
to see. 

SLOAN: Did any of you see the sur- 
vey that came out recently where some- 
body studied men versus women bosses 
[see To Probe Further]? They had several 
criteria, and the women bosses were rat- 
ed higher by their employees on all of 
them. The only quality that was close was 
delegation. It was astounding. | grew up 
in an era when the whole idea of a wom- 
en boss was comical. People dreaded it 





whether they were men or women. Now 
we've come to a point where employees 
can experience both men and women 
bosses; and people, on balance, think that 
women do these things better. 

BAUM: Women do this classic thing to 
themselves. I've read about it and I see it 
all the time with our students. If a man 
messes up an exam, he says, “The profes- 
sor is unfair, what a lousy exam, he didn't 
prepare us for it.” But if a woman does 
badly, she eats herself up with, “I didn't 
study enough, | knew | shouldn't 
have gone out this weekend.” 

HALL: That's not particular to 
engineering. It's a woman's way to 
be very hard on herself. 

SLOAN: Maybe the woman's 
attitude is more responsible, but the 
man’s reaction is more helpful for 
preparing for the next test. 

ENG: Eleanor [Baum] brought 
up an interesting point. In this 
survey that we did, we asked, 
"What is the greatest obstacle in 
your career?” Without a doubt, for 
men, from age 19 to 91, it is always 
“The economy,” or "Management 
doesn't understand; | have this 
brilliant idea.” With women the 
No. 1 thing that shows up from 
the age of 19 to 29 is "I'm not 
good enough; | need more educa- 
tion,” “I need more communica- 
tion skills,” or “There's something 
wrong with me.” 

JAN BROWN: It goes back to 
what | call water torture, because 
by itself, each little piece is not a 
big deal. But the accumulation of all 
the tiny little pieces keeps women 
in the position of always saying, 
‘Im not quite there, I'm not quite 
good enough.” 

I think women have a lot of 
expectations in college and actual- 
ly at all levels that “I have to do 
well—if I say something, it's going 
to reflect on all women, so | can't ask 
stupid questions. | can't appear too dumb. 
If I don't know, I'd better go figure it out 
rather than ask.” 

BAUM: Do you think that the political 
movement of family values coming up 
strongly throughout the country is going 
to hurt the effort to make women think in 
terms of careers? | do. 

BENDZ: I see women who are well- 
qualified and educated but who are not 
opting for a career. 

SHIMER: I don't think it's just family 
values. It's been very difficult for women 
to make it in engineering, especially in in- 
dustry where the isolation, the water tor- 
ture, makes it difficult for them, particu- 
larly early in their career. They want to fit 
in. They don't want to be identified with 
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other women and they become isolated. 
They don't realize that other women are 
facing the same kinds of issues. 

For years with the feminist movement, 
women thought that a career was a good 
option. So it was worth a little pain to stick 
with it and do whatever it took to be suc- 
cessful. That helped women get over the 
potential energy barrier. Now there's 
another option. It's okay again to say, “I 
want to stay home and raise my children.” 
And | agree with that, by the way. But 
there was no respect for that then and I'm 
not sure there is now. It's just words. 
But if there is respect for it, you're 
going to see women opting out of a 
career because it's so difficult. 

JAN BROWN: Your point about 
fitting in is exactly the water torture 
| was talking about, because you 
feel bad no matter what. Either | 
make myself a buddy and try to be 
acceptable to the guys or I just want 
to be invisible and blend in. If I 
want to stay in that environment, 
everything | do makes me feel bad. 
Why wouldn't | opt to do some- 
thing easier? 

ENG: You're talking about in- 
stilling insecurities—from the time 
the young women are about 12 or 
13. It culminates in the first year 
after graduating from college. A lot 
of young women don't know what 
they want to do. At about age 26, 
they all get worried because they 
are not married. "I have to have 
children. What am | going to do?” 

JAN BROWN: I consult with 
high-tech companies in the Aus- 
tin area concerning recruiting and 
retaining women engineers. These 
companies get them in for three 
years and then they're gone. 
They're leaving the profession. 
They disappear because it's easier, 
and I| think it's the water torture. 
The environment, as you said, 
instills insecurities. It's just a little 
bit every day, every day and they 
find that they're not happy. If they have 
a choice to go do something else, they're 
leaving and doing it. 


Family matters 

BAUM: Do you think women are made 
to feel guilty in a corporate setting about 
affirmative action legislation? Is there an 
attitude, perhaps, that men are here be- 
cause they're good, you're here because 
you're a woman? Someone who’ a minor- 
ity is here because she's a minority and the 
men are better? 

JAN BROWN: It doesn't matter that 
men are good. They can be not so good, 
but they are here because they have to 
support their families. 


46 


ENG: | know a woman engineer 
whose husband worked on commission 
as a salesman for a pharmaceutical com- 
pany. She's been at a large defense con- 
tractor for 17 years. The company was 
doing massive layoffs, and they actually 
had the nerve to call her into the boss's 
office and say, “The reason we're laying 
you off is because your husband is 
working and you can go back to gradu- 
ate school.” 

BAUM: That's not even legal. How 
could they possibly do that? 





‘| have a problem with 
American corporations that say 
they want to be in the ‘90's 
and they don’t have spousal 
hiring assistance programs.’ 
JULIE SHIMER, Motorola vice president 


JAN BROWN: That is grounds for a 
lawsuit. 

SHIMER: Companies are made up of 
people who don't know the letter of the 
law. I know that's true. They don't think 
about what they say. They're asking 
what they think are innocent questions, 
but they have all kinds of tags. They ask, 
"Do you have kids?” Don't ask me that 
question! They're trying to be friendly, 
but they don’t understand that sends a 
signal. It's a flag they're raising to a 
female that says, “This is going to 
impact your job description." 

JAN BROWN: Right. Because if I have 
kids, I'm going to be taking time off to 
take care of them, even though | may 





have someone already taking care of 
them, or that’s my husband's job to do. 

ENG: The statistics in the survey we 
did compared men and women with the 
same length of career, at roughly the 
same managerial level, the same salary, 
and the same number of kids. On the 
average, the women took off a total of 23 
months more than the men did—for what- 
ever reason. 

BAUM: Well, you're talking about mat- 
ernity leave and things like that? 

ENG: Maternity leave is in there and 
other significant chunks of leave. 

JAN BROWN: A company I was deal- 
ing with in Austin has a personnel poli- 
cy that allows both men and women to 
take time off for kids, whether it's be- 
cause they're sick or for parent help day 
or whatever. The men don't take the 
time off, the women do. The men feel 
that it's going to affect their career and 
the women know the kids have to be tak- 
en care of. 

BAUM: I had done a survey, too, in'89, 
of working women engineers. The wom- 
en who responded felt that in doing 
housework their husbands were equal 
partners, but in child rearing, it was still 
primarily the woman's responsibility. 

HALL: The key word to me is respon- 
sibility, because men do these things at 
their own pleasure, when it's necessary, 
when it doesn't interfere. The women 
have the responsibility, so whether they 
want to do it or not, they pick it up. 

On the other hand, | do see men strug- 
gling with this much more overtly be- 
cause they want to be more of a parent. A 
lot of young men who have young babies 
do want to do more fathering. 

JAN BROWN: Is the expectation still 
that it's going to inhibit your career if you 
take that time off? 

BAUM: Yes, it's a reality. It does inhibit 
your career. 

JAN BROWN: And it's much more dif- 
ficult for guys to make that decision than 
it is for the women, because the assump- 
tion is that it's the woman's responsibility 
to take care of the children, anyway. So 
even though women know it's going to 
hurt their career, they have this responsi- 
bility; and the guys—yeah, it's sort of 
their responsibility, but there's someone 
else who can do it, so they move in the 
other direction. 

SLOAN: As long as electrical engin- 
eering is so male-dominated, many man- 
agers have the attitude that “If you work 
for my company, you work for it 12 hours 
a day and weekends.” Women are willing 
to do that during the early years. But right 
about the time they get serious about hav- 
ing children, that's not what they want to 
see. They don't know what to do when 
they come up against that. So, there's an 
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issue of what can be done in the area of 
family-friendly policies. 

ENG: Talking about family-friendly, if 
we compiled a list of which companies 
offer which benefits and published it, 
people would self-select, thereby forcing 
other companies to have better benefits 
because all the good people were going to 
the companies with the best benefits. But 
nobody ever wanted to do it. Maybe 
there were too many legal problems. 

BAUM: What happens with reloca- 
tion? Are women still the ones more like- 
ly to move when their husbands get relo- 
cated? Because it's my perception that it's 
the woman who compromises more in 
those situations. 

SHIMER: This is my pet peeve. I have 
a problem with American corporations 
that say they want to be in the ‘90s and 
yet don't have spousal hiring assistance 
programs. I'll tell you what—it’s tougher 
for women to relocate to a new job. I've 
just made a move, and my husband mov- 
ed with me. God bless him, I love him for 
that. 

About 100 percent of married women 
have a working spouse, while about 50 
percent of married men have a working 
spouse. So that's why it looks like a wom- 
an’s issue, but it's not. This is the ‘90s, and 
most couples are working couples. Then 
why the heck can't corporations get to- 
gether in the community and help place 
the other spouse? The biggest relocation 
issue is whether the accompanying spouse 
is going to have an opportunity to get a 
meaningful job that can be used as some 
kind of a career path. 

JAN BROWN: Companies aren't ad- 
dressing the issue, but universities are good 
at recognizing that there's a spouse that they 
need to try to find a job for. 

BAUM: Jan, | don’t think universities 
are good at it at all. They recognize the 
issue because, in a university setting, the 
number of female faculty has increas- 
ed—not necessarily very much in engin- 
eering, but on the campus as a whole. It's 
a difficult issue because a lot of universi- 
ties are uncomfortable having a hus- 
band/wife team within the same depart- 
ment. Some are uncomfortable even 
having a husband/wife team within the 
school of engineering, and whether it's 
legal or a policy issue—those are reali- 
ties. Another reality is that a lot of uni- 
versities are located in university towns 
where there's a large cadre of well-edu- 
cated women and no jobs for them. 
That's a big problem in many families. 

APRIL BROWN: I would like to add a 
positive note. I've been married twice, to 
electrical engineers, both with Ph.Ds., 
and in the same field as me, semiconduc- 
tors. I've worked for Hughes Aircraft and 
they have been extremely good in placing 
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both parties. I've seen that they tried to do 
that with other people who were hired 
into the company. 

Georgia Tech has gone out of its way 
to hire spouses. They realize that in many 
cases women Ph. Ds. are married to men 
with Ph. Ds. They were pro-active in ask- 
ing me if I needed any help in placing my 
spouse. In fact, with respect to husbands, 
I have to give mine some credit here. He's 
moved with me. We've decided that we're 
helping to support my technical career, so 
he has made some decisions and choices 





a at 
hen equal employment 


é 


opportunity became a hot topic 


and affirmative action was 
the new thing, sexism and 
discrimination went under 
the table.’ 


PATRICIA ENG, U.S. commission officer 


on that basis and does more parenting 
right now than I do. 
ENG: Hang on to that one. 


Harassment questions 

SPECTRUM: Let's talk about harass- 
ment and women not having any re- 
course. What should women do? What 
can they do? 

JAN BROWN: Remember that when 
it comes to overt harassment—overt ac- 
tions and behavior—we're talking about 
5 percent of men. It's a small percentage, 
but we have got to have tools for deal- 
ing with it. 

HALL: But it is quite pervasive. And 
perhaps that small percentage makes it 
seem that it isn't wider spread. So we're not 
able to ferret it out. 

JAN BROWN: Then there's also co- 
vert sexism and that is perpetrated by 
everybody—men and women. It's impor- 
tant to say that women do it ourselves, 





like the way we say, engineer “he” instead 
of engineer “she.” 

ENG: My mother, who was in human 
resources at a pharmaceutical company, 
noted that when equal employment 
opportunity became a hot topic and af- 
firmative action was the new thing, sex- 
ism and discrimination effectively went 
under the table. And people who be- 
have that way became more talented at 
calling it something else and making it 
more subtle. How do we handle the 
covert stuff? 

It's easy for me to tell young 
women what to do if some- 
body says, “You have nice legs.” 
But what do you do with 
someone who says, “Gee, you 
must have spent a little more 
time blow-drying your hair 
this morning." How can we 
help the youth, the 19- through 
25-year-olds, until they get 
strong enough to turn off the 
water torture? 

JAN BROWN: Water tor- 
ture never gets turned off. The 
question is whether they have 
the wherewithal to turn it in a 
different direction. 

ENG: But how do we help 
them deal with these subtle 
things? I used to think that it 
always happened to somebody 
else; and it took me three years 
to realize it was happening to 
me. It was so, so subtle. 

JAN BROWN: A big part is 
that we talk about what covert 
sexism is. “Nice work for a 
woman'—well, that carries a 
double meaning. That's the 
water torture, the covert piece. 
He's saying she did a great job, 
but he’s uncomfortable with the fact that 
she is a woman, so he adds this other lit- 
tle piece as a joke. But he needs to under- 
stand that it’s not a joke and that it under- 
mines her self-esteem. 

She needs to recognize that when she 
hears stuff like that, she should get it clar- 
ified. “Say, what do you mean by that? Do 
you mean that I've done a good job for 
anyone in the group so we can take away 
the last part, or were you just kidding?" 
But you have to choose your battles. You 
can't respond every time someone says 
that. But if you're conscious of how that 
could affect you, you can choose whether 
you will deal with this guy at this time or 
just let it roll on by. 

SHIMER: I don't know about you, but 
when I realize I've been put down be- 
cause of my gender, | want to bite some- 
body's head off. It's not a time when | 
can sit down and say, “What did you 
mean by that?” What I've learned is just 
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to say, “Excuse me?" It's a self-learning 
tool because if what they said was offen- 
sive, they will not repeat it out loud. But 
they'll think about the fact that it was 
offensive and they may not say it again. 

A lot of times discussions are really 
not productive because some women 
will be in tears when they're angry, and 
that's not going to help the cause. So 
that is something that can be said right 
away, which you can learn as a reflex re- 
action. Then later on you can go back 
and have a discussion about what you 
were feeling. 

JAN BROWN: There's another aspect, 
too—by being silent, we are then 
covertly accepting what's being 
said. 

ENG: Passive consent. Inviting 
the person to do it again. 

JAN BROWN: Exactly. And 
it's our duty to speak up, even if 
it's not directed at us individually. 

SLOAN: Even more so, be- 
cause we can do it a little more 
objectively. 

HALL: But we have to recog- 
nize that it is not always offensive 
to everybody, depending on who 
said that about the blow dryer, for 
example. So we shouldn't catego- 
rize statements like “Hey, you look 
nice today” as being only some- 
thing that we would reject out of 
hand and be offended by. 

SHIMER: We have to be fair 
because men are confused by this 
issue. One man can say certain 
things to me because outside of 
work we're friends; but someone 
else can't. | remember in my early 
days at Bell Labs, men were con- 
fused by this. We needed to start 
saying that the person who de- 
fines harassment is the person 
who’ hearing it, and it matters. 

There needs to be open dia- 
log. | think the worst thing is sil- 
ence. It was interesting to me 
that after men started to get the 
idea, they would be pulling oth- 
er guys aside and saying, “You 
have to be careful about making 
a remark like that, it may not be 
appropriate.” It was changing the 
culture. It became a much more 
positive work culture and the under- 
ground sexism and harassment were start- 
ing to dissipate. 

APRIL BROWN: I'm a little worried 
about the statement that silence implies 
passive consent. It puts the burden on the 
woman, so to speak. If you're silent 
because of other factors, fear being one of 
them, it might be construed in your mind 
that it was your fault. 

SHIMER: You have to be careful be- 
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cause it can be taken that way. Some 
women feel they're responsible for the 
harassment they are taking—that they 
deserve it somehow. The best defense is a 
good offense, attacking this underlying 
culture where sexism, discrimination, and 
harassment have gone underground— 
which is typical of most companies these 
days because of the fact that it's political- 
ly incorrect. 

JAN BROWN: Overt stuff there are 
laws against, but we don't know how to 
legislate against this covert stuff. 

SHIMER: When it comes to changing 
the cultural environment, this is what I try 





‘When it comes to overt 
harassment—overt actions 
and behavior—we'’re talking 
about five percent of men 


who perpetrate that.’ 
JAN BROWN, technology consultant 


to convey to my management. “No. 1, put 
a woman on your staff, because you don't 
have anybody to tell you what women are 
thinking.” The woman at the bottom of 
the organization is not going to come into 
the boss and tell him what her boss is 
doing because of the fear factor. 

I tell them, “You have to mentor a wom- 
an that's not in your department, so you 
get the perspective. You need to sponsor a 
woman that does work for you. You know 


you sponsor men, so sponsor a woman. 
Pick one and bring her up. You need to 
diversify teams.” 

One thing that happens a lot is a sub- 
tle form of discrimination. Affinity groups 
tend to be work teams. "I like to work 
with people like me, so | don't have wom- 
en, | don't have minorities on my team.” 
There are two bad things about that. In a 
culture where teamwork is valued, then 
certain groups are excluded from doing 
that valuable work. The other thing is that 
the teams themselves are lousy because 
they don't get an opportunity to get dif- 
ferent viewpoints. They just aren't as pro- 
ductive or creative. 

The fifth thing | told them was to give 
women international assignments. Every 
global company I've been in has been re- 
luctant to put women in another country 
for all the reasons that we were describ- 
ing earlier, But we've just got to face that 
head-on and get them out there, because 
in my company, if you don't get an inter- 
national assignment, there is a ceiling. 
You can't get above a certain level with- 
out having had that. 

I told one group manager that he could 
change the culture in his organization in 
one year if he did that. Interestingly 
enough, he's sort of moved forward with 
the challenge. He hasn't yet put a woman 
on his staff, but his staff has. He put it in 
their performance plan! 

APRIL BROWN: Hopefully, when 
they're diversifying the groups, they can 
try to have a critical mass within the 
team so that the women aren't split up 
too much. 

SHIMER: Right. Motorola is making 
an overall effort to increase the numbers. 
I think the numbers are everything, be- 
cause without numbers there is isolation. 
And if you don't have representation at all 
levels of the organization, then there is an 
information gap. You have a culture that 
allows that kind of stuff to go on and 
nobody who can change it hears about it. 
I used to give a little speech that defined 
sexual harassment when | was at AT&T. | 
did it first for my own department be- 
cause | was so frustrated with the harass- 
ment going on there. | wound up giving it 
about 10 times. 

I said, “Say you are bald.” (This guy 
helped me out with this because he was 
self-conscious about going bald.) “And 
every time somebody sees you in the hall, 
they tell a bald joke. Now, you know, 
there's nothing really wrong with telling 
a bald joke, but if every time anybody 
sees you, they tell a joke about bald peo- 
ple, after a while you're not looking for- 
ward to going to work anymore because 
you know you're going to have to take 
that rubbish.” 

The general unhappiness factor of wom- 
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en when we go into work is high already. 
Then the stuff that everybody else has to 
put up with just gets piled on top. My 
bosses were saying, “Women are usually 
discontented, they move around more." 
Yeah, that's because we have to put up 
with the gender bias in the environment. 
Women take that all the time. The guys 
who listened to my speech could get this. 
Then I gave them all kinds of specific 
examples of what had been said and done. 
These men were shocked that it was go- 
ing on. If they knew about it, they would 
have put a stop to it. But they just don't 
get to hear about it because women are 
afraid to say anything. 

JAN BROWN: It's just the undercur- 
rent of how you're looked at. People don't 
have to say a thing. It's how they look at 
you. How many times have you wished 
you could walk down the hallway and get 
eye contact with someone above breast 
level? It's just impossible for some people 
to do that. Or they just look at your legs. 
And telling bald jokes is an overt thing 
like always telling kitchen jokes. Same 
kind of thing. Over and over it's the water 
torture. You have to wonder. If you let it 
go, it's no longer fun to go into work any- 
more. And it really works to undermine 
your self-esteem. 

SHIMER: Even if you decide to fight 
it, then you have that hassle. I'm always 
the one trying to educate them. Why 
the heck can't they go off and get them- 
selves educated? 

SLOAN: There are some other things 
that are just simple that we were talking 
about a few minutes ago, about how it’s 
better when you get the culture to the 
point where the guys do it. For the 
longest time within the IEEE, my pet 
peeve was people who would address 
boards of directors or some other com- 
mittee | was on as “gentlemen.” Even 
when the board of directors got to be four 
women, it was “gentlemen.” It's just the 
noninclusiveness of it. | don't even want 
to fight that directly. But just in the last 
couple of years, I've noticed that some of 
the guys will make that correction. It's 
really a step up. 

JAN BROWN: It's everybody's respon- 
sibility to examine his or her behavior— 
women as well as men. | have to con- 
sciously monitor my own thinking. Do | 
say engineer "she"? If | don't do it in my 
own mind, how can I expect my male col- 
leagues to be doing it? Am | more likely to 
talk to a male or a female salesperson, de- 
pending on what I'm buying? Am I more 
confident talking to the guy because he's 
the nerd and knows the specs? 

APRIL BROWN: I agree. And once 
you examine your own unconscious 
thinking and your own behavior, there's 
positive feedback because your self- 
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esteem is improved. You have the confi- 
dence and ability to take on interactions 
with other people and try to set them 
right about how you're treated. 

JAN BROWN: Then guys start that 
thinking process, too. Then they can speak 
up and be on our side. Because | think 99 
percent of them are. 


Tools for survival 

ENG: We've been doing a lot of soul 
searching on issues that we've all expe- 
rienced. But what should we be telling 
the young women engineers fresh out of 
school? It isn’t all bad because we're all 
here and we're excited about our 





‘When you participate as 
a volunteer in the IEEE or in 
another professional society, 
you are limited only by your 
own efforts.’ 


APRIL BROWN, associate professor 


careers. What's the good side? What 
can we tell the young ones so that when 
they get to age 26, they don't decide 
they are going to get married, have 
kids, and leave the profession? 

JAN BROWN: They have made it that 
far because they like doing the engineer- 
ing. | think that's self-evident to them. 
They leave because while it’s fun to do the 
work, it's not fun to be in that environ- 
ment. What we can do is help make them 
aware of the underlying sexism so they 
will know how and when to choose their 
battles. Help them let the distasteful stuff 
flow on by them and know what they 
have to do. Help them find mentors. 


SHIMER: I'll bet every one of us can 
identify a person who helped us get over 
the hump, stay in the profession, and real- 
ly get excited about it. Two or three peo- 
ple in my career—both men and wom- 
en—have done that for me. Those of us 
who are more senior should be mentors. 

JAN BROWN: And we should tell 
them to network. 

SHIMER: Right. At every level. 

JAN BROWN: Not just with wo- 
men, but with men, too. But it's impor- 
tant that they not let themselves be- 
come isolated. They need to go find 
the other women. 

ENG: Earlier we were talking about 
how many of the young women 
choose not to network, and instead 
isolate themselves. What would you 
propose for those, because those 
are the ones that are going to drop 
out? 

SLOAN: Do you really feel they 
choose to isolate themselves or not 
to network, or are they just not aware 
of the opportunities? 

ENG: The women that I've run 
into are Society of Women Engineers 
members until they get their first job. 
Then they disappear off the planet. 
They say, “I don't need a society any- 
more. I've made it. I've got my job." 
And you watch the attitude tail off. 
By the time they're working for five 
years, they are disenchanted and 
upset and still don't want to network. 
What can we do? 

SHIMER: We need to tell them 
that this is what's going to happen. 
You really must not isolate yourself. A 
lot of times people don't know what 
the opportunities are. They need to 
know there is a positive benefit from 
networking with other women. 
Somehow it takes women longer to 
make this connection. If | don’t want 
to hang out with other women, why 
would other women want to hang out 
with me, or why would men want to 
hang out with me? 

We distance ourselves. This is the 
queen bee syndrome at every level. We 
distance ourselves from other women 
because we don't want to get slimed by the 
impression the profession has about wom- 
en. But we're women, so we can't deny it. 

SPECTRUM: How do you find a men- 
tor? You can join an organization, the 
Society of Women Engineers, for exam- 
ple; or get involved with activities of the 
women engineers in the IEEE. Are there 
other ways? 

JAN BROWN: Even within a corpora- 
tion, just seek out the other women who 
are there. 

ENG: I remember once walking up to 
the second-highest ranking woman in 
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my company (and | was shaking in my 
shoes). I just said, “I think you're 
really terrific and one of these days 
| hope that | can do what you're 
doing.” 

She said, “Oh, yeah? Come on up 
to my office.” It was that easy be- 
cause it's very flattering to have some- 
body want to come and talk to you. 

JAN BROWN: Male and female! 

ENG: Yes. 

JAN BROWN: Everybody likes 
people to come to them and ask 
them stuff, it makes us all feel good. 
And men in companies will go that 
extra mile if you approach them first. 
They might be too shy to say some- 
thing to you first lest it be seen as 
sexual harassment. 

ENG: You've got to do a little 
homework. This person looks like a 
great person and you find out three 
weeks later he's the biggest Casanova 
in the entire company. You do have to 
do some checking around. So you ask 
the other women. 

SHIMER: But it's so important to 
network because that makes a lot 
of this environmental harassment 
easier to take. A lot of women think, 
"It's just me.” And then they realize 
that others are having similar expe- 
riences. 

BENDZ: I hope we don't lose sight 
of the fact that there's a responsibility that 
we each have as a professional, and that's 
the toolbox of professional activities that 
you can go out and do all by yourself, 
without a mentor, without a network. 


SPECTRUM: What is in that toolbox 


of yours? 





da Geppert 
‘A man considers engineering to 
be a career. But a woman—to be 
successful—must also consider it to 
be a crusade.’ 


LINDA GEPPERT, Spectrum associate editor 


BENDZ.: Patents. Publishing. How-do- 
you-do types of things. 

JAN BROWN: Individual responsibility, 
not just for professional but also for person- 
al behavior. | think that's it. Another thing 
on that list is being conscious of sexism and 
how it affects you. There's so much uncon- 


scious stuff going on, we need 
to make that conscious. 

SHIMER: I didn't hear “pro- 
fessional society activities” in 
there, but | think it is impor- 
tant to be active. Take some 
role in the IEEE if you are a 
member because that's the best 
way to make connections. You 
should be submitting papers at 
conferences, because when you 
speak at a conference, everyone 
comes and talks to you. If you 
go to a conference and don't 
have a paper, you've got to be 
running around trying to 
make connections with every- 
body else. If you take a job as 
an associate editor (of a soci- 
ety publication) or as an officer 
in your Section or whatever, it 
gives you an opportunity to 
network. 

ENG: If you take on any 
role of leadership, even if it's 
at the Section level or Com- 
mittee level, you are going to 
develop skills and knowl- 
edge and networks simply be- 
cause of your involvement 
with your society. It's incred- 
ible networking. There are 
people who are stars in the 
engineering field and it's only 
through society activities that you get 
to meet them. 

APRIL BROWN: When you partici- 
pate as a volunteer in the [EEE or in an- 
other professional society, you are limited 
only by your own efforts, by what you put 
into it. It's a great opportunity. Sd 





To probe further 


The 1993 edition of the National Science Foun- 
dation’s biannual Science & Engineering 
Indicators contains information on engi- 
neering education and employment. It is 
available from the Superintendent of Docu- 
ments, U.S. Government Printing Office, 
Washington, DC 20402; ask for Stock No. 
038-000-00589-8. 

A source for worldwide employment fig- 
ures and related information is the 
OECD Publications and Information Cen- 
ter, 2001 L St. N.W., Suite 700, Wash- 
ington, DC 20036-4910. Data on USS. 
employment is also available from the 
Bureau of Labor Statistics, Postal Square 
Building, 2 Massachusetts Ave., N.E., 
Washington, DC 20212. 

A study on management and leadership 
skills of male and female managers was 
conducted by Lawrence Pfaff and As- 
sociates. For more information, contact 
the company at 3506 Lovers Lane, 
Kalamazoo, MI 49001. 
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The Society of Women Engineers (SWE) has 
published the results of its survey on 
gender differences in engineering. Cop- 
ies of the report may be obtained from 
SWE headquarters, 120 Wall St., 11th 
floor, New York, NY 10005-3902. SWE is 
a nonprofit organization that assists and 
supports women engineers and informs 
the general public about women engi- 
neers and their achievements. The soci- 
ety is open to engineers and computer 
scientists, both men and women. 

The IEEE Women in Engineering Commit- 
tee is developing ways to support and 
encourage women engineers. A news- 
letter and World Wide Web home page 
are in the works. The committee can be 
reached by sending e-mail to Wwomen@ 
IEEE.org 

The International Network of Women in 
Technology, or WITI, was founded in 1989 
to encourage women engineers and sci- 
entists in their career advancement. WITI 
will host the Women in Technology Con- 
ference on June 27-29 at the Santa Clara 





Convention Center in California. Gloria 
Steinem will be the keynote speaker. More 
information may be obtained from WITI at 
4641 Burnet Ave., Sherman Oaks, CA 
91403. 

There are several useful World Wide Web sites 
available to those who have access to the 
Internet. A list of organizations for women 
scientists and engineers can be obtained at 
gopher: //www.cs.yale.edu: /hGET%20/ 
HTML /YALE/CS/HyPlans/tap/sci-women 
-groups.html. General information on 
and resources for women are available from 
the women homepage at http://www. 
mit.edu:8001/people/sorokin/. The 
Society of Women Engineers’ homepage 
can be found at http: //www.thesphere. 
com/swe. 

The discussion group Wisenet focuses on edu- 
cation and employment of women in sci- 
ence, mathematics, and engineering. To sign 
up, send an e-mail message to listserv@ 
UICVM.CC.UIC.EDU, no subject, with 
the message “subscribe 
first_name last_name”. 


wisenet 
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technology ~ 


To handle small, power-hungry electronic systems, researchers 
are exploring air and lithium electrodes and solid electrolytes 


THE SEARCH FOR 


BETTER BATTERIES 








# UST ABOUT EVERYONE HAS HEARD of Moore's Law, 
which (in its current form) states that the number of tran- 
| sistors in high-volume, state-of-the-art integrated circuits 
“— doubles every two years. But no one has ever seen a com- 
cardia statement about batteries—and for good reason. For if 
such a battery law were written, it would more closely resemble 
the equation of motion of a glacier than anything in the world 
of semiconductor electronics. 

What makes the contrast painful is that Moore's Law has now 
operated long enough to bring us computers, advanced cellular 
telephones, and other products small enough to be carried 
around and, in some cases, even held in one hand—ideal prod- 
ucts, in other words, for battery-powered operation. But these 
devices demand a fair amount of power, and batteries have not 
grown in capacity at anything like the rate that they require. As 
a result, the run time for such wonders as laptop computers is 
disappointing, to say the least. 

Travelers would like their laptop machines to run for a full 
working day—or better yet, a full week on the road—between 
charges. But most such computers today are supplied with re- 
chargeable batteries that give them an advertised run life of 
about 4 hours and a real life of about half that. 

To mend matters, manufacturers of rechargeable batteries are 
exploring at least five technologies: nickel-cadmium, nickel-metal 
hydride, lithium-ion, lithium-polymer, and zinc-air. The venera- 
ble lead-acid battery is also still very much with us. In its sealed 
form, it could certainly power portable electronic equipment, 
but it is too heavy for powering most hand-held items because 
of the technology’ fairly low specific energy [see table on p. 56]. 

On the other hand, their low cost, low rate of self-discharge, 
and the fact that they can be float-charged for long periods with- 
out harm to their performance give lead-acid batteries great ap- 
peal for standby applications. This is especially the case when 
lots of energy must be stored, in uninterruptible power supplies 
and portable medical equipment like defibrillators, for example. 

Alkaline cells are likewise available in rechargeable form nowa- 
days (witness the Renewal cell from Rayovac Corp., Madison, 
Wis.), but their low specific power and short cycle life have on 
the whole limited them to uses traditionally served by primary 
cells, (Although it can be recharged some 25—50 times, the Re- 
newal cell has specifications much more typical of primary cells: 
a low self-discharge rate and a high energy capacity on the plus 
side, and on the down side, inability to deliver nearly as much 
power as other secondary cells.) 
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A Despite the voltage depression [lower curve], the full ampere-hour 
capacity of a nickel-cadmium cell can be realized, albeit at a reduced volt- 
age. For the many applications that require the battery's rated voltage, 
the reduction does represent a genuine loss of capacity. Note that the 
phenomenon manifests itself only after the cell has been partially dis- 
charged; it probably begins when most of the free cadmium has been 
used up and the intermetallic phases begin to dominate the reactions at 
the negative electrode. 


By far the best established rechargeable battery for portable 
applications is the nickel-cadmium type. It has a positive plate of 
oxidized nickel (actually, the active material is nickel oxyhydr- 
oxide), a negative plate of cadmium, and an aqueous solution of 
potassium hydroxide (KOH) for the electrolyte. It can endure a 
lot of abuse physically and electrically, and it has an impressive 
specific power rating. Its robustness and ability to deliver very 
high currents for short intervals or moderately high currents 
for longer periods make it the battery of choice for equipment 
like power tools and some portable electronic instruments. Also, 
because the alkaline electrolyte does not enter into the discharge 
reaction (as the acid does in a lead-acid battery) and, hence, 
get depleted as the cell discharges, Ni-Cd cells can deliver near- 
ly as much power near the end of a discharge cycle as they can 
when fully charged. 

So what's wrong with NiCds? Five things mainly: one is that 
they suffer from the memory effect, 
a phenomenon that burdens the user 
with having to, at least occasionally, 
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Anode: the cell plate, or electrode, at 
which an oxidation reaction occurs. A 
cell's negative electrode is an anode 
when the cell is discharging, but a cath- 
ode when it is being charged. Possibly, 
therefore, the terms “positive” and 
“negative” may be more useful in iden- 
tifying electrodes. 

Battery: two or more cells connected to 
form a single unit. (Since contemporary 
usage allows for one-cell batteries, the 
terms “cell” and “battery” are some- 
times used interchangeably.) 

C-rate: a rate of charge or discharge in 
amperes numerically equal to the 
capacity of the battery in ampere- 
hours. Multiples and submultiples of 
the C-rate are commonly used. For 
example, the specific energy of a bat- 
tery is often specified for discharges at 
the C3 rate. 

Cathode: the cell plate, or electrode, at 
which a reduction reaction occurs. A 
cell's positive electrode is a cathode 
when the cell is discharging, but an 
anode [see above] when it is being 
charged. 

Cell: an electrochemical energy-storage 
device consisting of two electrodes, or 
plates; an electrolyte; and (usually) a 
separator. 

Electrolyte: the ionic conductor, typical- 
ly a liquid, that provides the internal 
connection between the plates of a cell. 
The electrolyte must not be an electron- 
ic conductor lest it short-circuit the cell. 
Life: the total length of time that a bat- 
tery will operate before it needs to be 








replaced. For primary batteries, it is 
expressed in hours of actual use; for 
rechargeable units, the limiting factor 
is the number of months or years since 
the battery was manufactured or the 
number of charge-discharge cycles to 
which it has been subjected (cycle life). 
Energy density: the volumetric energy 
storage density of a battery, usually 
expressed in watt-hours per liter. 

Float charging: the practice of keeping 
a storage battery ready for use by 
means of a continuous, long-term, con- 
stant-voltage, limited-current charging 
regime. 

Memory effect: the reduction in capac- 
ity of a nickel-cadmium battery due to 
repeated partial discharge—charge 
cycles. 

Power density: the volumetric power 
density of a battery, usually expressed in 
watts per liter. 

Primary cell: a cell that can be dis- 
charged only once. 

Secondary cell: a rechargeable cell. 
Separator: a nonconductive porous 
material inserted between the plates 
of a cell to keep them from shorting 
together. Although itself nonconduc- 
tive, the separator must be permeable 
to the electrolyte solution so that ion- 
ic conductivity is maintained between 
the plates. 

Specific energy: the gravimetric energy 
storage density of a battery, usually 
expressed in watt-hours per kilogram. 
Specific power: the gravimetric power 
density of a battery, usually expressed 
in watts per kilogram. 





follow a time-consuming recharging reg- 
ime in order to maintain their rated capac- 
ity. NiCds also store only slightly more 
energy per unit weight than lead-acid 
units, have a fairly high rate of self-dis- 
charge, and cannot (or should not) be re- 
charged at high temperature. Worst of all, 
cadmium is an awful poison that can con- 
taminate the environment when worn-out 
batteries are mixed with household rub- 
bish and incinerated. (In fairness, it should 
be pointed out that all batteries contain 
toxic substances; none can rightly be de- 
scribed as environmentally benign. But 
cadmium, the experts seem to agree, is in 
a class by itself.) 


No thanks for the memories 
he memory effect in nickel-cadmi- 
. um batteries refers to the decline in 
their effective capacity with re- 
peated partial discharge-charge cycles. 
That is, if a Ni-Cd battery is repeatedly re- 
charged after being discharged to, say, the 
60 percent depth of discharge point, it will 
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eventually become incapable of delivering 
more than 60 percent of its rated capaci- 
ty—at least at its normal output voltage. 
This condition can be corrected to a deg- 
ree by putting the battery through one or 
more complete charge-discharge cycles; 
however, it may not be possible to restore 
the battery's original capacity. 

Interesting to relate, battery experts dis- 
agree about why the memory effect arises. 
A significant minority blames the nickel 
plate, of which more anon. But what ap- 
pears to be a majority believes that the ef- 
fect is associated with the cadmium elec- 
trode. In particular, it is associated with 
cadmium electrodes fabricated on a sin- 
tered nickel base. Since the industry has 
largely switched to bases of nickel foam or 
fiber, the problem is less serious than it 
used to be. 

Although some details remain unclear 
and laboratory simulations have proven 
difficult to reproduce, the effect appears to 
be due to the growth of abnormally large 
crystals on the cadmium electrode. These 


large crystals reduce the surface area of the 
electrode, thereby increasing the cell's ef- 
fective internal resistance and hence the 
voltage drop during discharge. Because of 
the increased voltage drop, the end-of-dis- 
charge voltage is reached prematurely in 
the discharge cycle, reducing capacity. 

Crystal growth is hastened by charging 
the battery with low currents and at raised 
temperatures, as well as by repeated par- 
tial discharge-charge cycles. This leads to 
a related phenomenon, called voltage de- 
pression, in which the capacity of a nick- 
el-cadmium battery is reduced by pro- 
longed trickle charging, as may happen 
when the batteries are used in, say, emer- 
gency lighting systems. 

Some authorities feel the true memory 
effect is associated with large crystals and 
that voltage depression has more to do 
with the formation of intermetallic com- 
pounds of nickel and cadmium in the cad- 
mium electrode. Other electrochemical 
effects have also been cited. Whatever the 
cause, the result is the same—a drop of 
about 150 mV per cell, resulting in re- 
duced capacity [see figure on p. 51]. Deep 
discharging and then recharging at not 
too low a current and not too high a tem- 
perature cures both effects by destroying 
the large crystals as well as the intermetal- 
lic compounds. 


Nickel-metal hydride 

The unpopularity of cadmium, all the 
same, encouraged the development of an 
alternative: the nickel-metal hydride (Ni- 
MH) cell. As luck would have it, Ni-MH 
batteries are not only cadmium free, but 
also can store more energy than compara- 
bly sized Ni-Cd units. On the down side, 
they deliver less power, have a faster self- 
discharge rate, and are less tolerant of 
overcharging. 

Like the Ni-Cd cell, the Ni-MH unit 
employs a nickel positive electrode and an 
aqueous KOH electrolyte. The main differ- 
ence is that the active material in the nega- 
tive electrode is hydrogen absorbed in a 
metal alloy. Since the metal-hydride elec- 
trode has a higher capacity per unit vol- 
ume than cadmium, it may be smaller in 
size, leaving room for a larger positive elec- 
trode, and hence a greater battery capacity. 

The key to the characteristics of the 
Ni-MH cell is its negative plate—the 
metal alloy in which the active hydrogen 
material is stored. Manufacturers each 
have their own proprietary formulation 
for these alloys, but the materials still fall 
into two general categories: those based 
on mixtures of nickel and rare earths, and 
those based on nickel blended with titani- 
um, vanadium, and zirconium. The sec- 
ond group yields superior energy storage 
density, but the industry seems to be 
favoring the first because it is better able 
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to hold onto hydrogen, thus lowering the 
self-discharge rate. 

The negative electrode is the clue to 
most of the strengths and weaknesses of 
the Ni-MH cell. With regard to specific 
power, for example, the technology has 
suffered in comparison with Ni-Cd. One 
reason, according to Frank McLarnon, staff 
scientist, Lawrence Berkeley Laboratory, 
Berkeley, Calif., is that heavy discharges or 
charges can heat the metal-hydride elec- 
trode and change the special structure it 
must have to hold onto its hydrogen. 

Recently, he points out, improvements 
in the negative plate have allowed the 
industry to build Ni-MH cells with spe- 
cific powers above 230 Wy/kg at full 
charge. Nonetheless, 80 percent depth of 
discharge is the condition under which 
specific power is often specified, and there, 
numbers on the order of 130 W/kg are 
more typical. 


Charging differences 

Charging Ni-MH and Ni-Cd cells is 
similar insofar as both employ modified 
constant-current regimes. But while the 





sense the point at which charging should 
end, observed Philip C. Symons, a battery 
consultant and principal of EECI, Morgan 
Hill, Calif. It works with larger cells, he 
told Spectrum, and the technique may be 
easily applied to smaller ones. Valves pen- 
etrating the battery case are not needed, 
he emphasized; a simple strain gage on 
the outside of the case will do. 

What will not do is simply to cut off the 
charging current after a fixed length of 
time, as is acommon practice with Ni-Cd 
batteries. Actually, Symons pointed out, 
that approach is a bad idea with any kind 
of battery except possibly when rather low 
charging currents (C/10 rate and less) are 
used. For Ni-Cd batteries, the preferred 
control method is to use the rather sharp 
rise and then drop in cell voltage as a sig- 
nal to terminate charging. (The rise occurs 
as the cell becomes fully charged, and the 
drop is due to the onset of oxygen recom- 
bination at the cadmium plate.) 

Unhelpfully, although Ni-MH cells ex- 
hibit similar behavior, the voltage peak is 
less pronounced and cannot be reliably 
detected by low-cost circuitry. The re- 


A Ina lithium-polymer cell, the polymer electrolyte must be kept very thin (~50 ym) because of 


its low ionic conductivity. The cathodes of such cells are typically based on transition metal oxides 
and are backed by a metal-foil current collector. The polymer layer also serves as a separator. 


charging reaction for Ni-MH cells is 
exothermic, Ni-Cd cells actually absorb 
heat during charging. For that reason, 
until the very end of the charging cycle, 
the temperature of a Ni-Cd cell does not 
rise. Neither does it go down much, be- 
cause ohmic losses generate a little heat, 
which pretty much cancels the endother- 
mic nature of the charging reaction. The 
cell will heat up if the charging current is 
not reduced when it becomes fully charg- 
ed, but the temperature levels off at rea- 
sonable charge rates, according to David 
Linden in his chapter on sealed nickel- 
metal hydride batteries in the Handbook of 
Batteries [see To Probe Further]. 

In a Ni-MH cell, by contrast, the tem- 
perature continues to rise, so that accura- 
cy in sensing when charging is complete 
becomes more important. This is espe- 
cially true when charging is done at high 
rates. Otherwise, the temperature might 
increase to the point at which it damaged 
the metal-hydride electrode and dimin- 
ished the cell's capacity. 

In fact, the pressure rise inside the case 
of a Ni-MH battery may also be used to 
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commendation here is to monitor the bat- 
tery temperature and to cut off charging 
when a specified rate of temperature in- 
crease is reached. 

Just monitoring the temperature is in- 
sufficient because ambient conditions vary. 
Measuring the temperature rise above am- 
bient is better; but as the allowable rise is 
a function of several variables (cell size, 
number of cells in the battery, and so 
forth), the cutoff temperature rise is dif- 
ferent for each battery type. The rate-of- 
temperature-rise criterion does away with 
these ambiguities and is consequently the 
method to use for longest battery life. 
(Actually, in most practical systems, mul- 
tiple criteria, logically ORed together, are 
used: charging is terminated when any of 
the criteria is met.) 

A recurring question about nickel-met- 
al hydride batteries is, ‘Do they exhibit a 
memory effect?” Some experts feel that 
the memory effect is, by definition, a cad- 
mium-related phenomenon and that no 
battery without a cadmium electrode can 
have it. Those who would inculpate the 
nickel electrode argue that some form of 





voltage depression does occur with Ni- 
MH cells when they are subjected to re- 
peated partial discharges and recharges. 
Manufacturers of Ni-MH cells contact- 
ed for this report said that they have nev- 
er known it to occur with their products. 
Even those others who asserted that it 
does exist admitted that it is a minor phe- 
nomenon and that most users of sealed 
Ni-MH cells will never experience it. 
The one point on which all agree is 
that all sorts and conditions of battery and 
equipment failure get lumped together 
and labeled “memory effect"—even when 
those problems have nothing to do with 
it. Thus, a loss of capacity due to under- 
charging, overcharging, self-discharge, or 
exposure to high temperatures is often 
mistakenly attributed to memory effect. 


The promise of lithium 


ile Ni-Cd and Ni-MH bat- 
teries undoubtedly improve 
on their lead-acid and Edison 


(nickel-iron) predecessors, they are hard- 
ly the last word in energy storage. As has 
been noted many times in many places, 
the trouble with all batteries—both pri- 
mary and secondary—is that they store 
less energy per unit weight or volume 
than users would like. They do much bet- 
ter in that regard than capacitors and con- 
ventional flywheels, but nowhere near as 
well as hydrocarbon fuels, to take a rather 
unfair example. The problem is twofold. 
First, only a fraction of a battery's mass is 
made up of active material; the rest adds 
weight but no energy. Second, the active 
material itself often has an unimpressive 
energy-to-weight ratio. 

Dealing with the first problem is a mat- 
ter of clever engineering and design. Lead- 
acid batteries, for example, improved over 
the past few decades when most of the 
industry switched from fairly heavy hard 
rubber cases to lighter plastic ones. More 
recently, the Horizon battery, a lead-acid 
unit for electric vehicles, achieved a spe- 
cific energy of 42 Wh/kg and a specific 
power, at 80 percent depth of discharge, 
of 240 W/kg. The Horizon, which uses 
plates woven of lead-coated glass fibers, 
uses only 30 percent as much lead as stor- 
age batteries with cast lead plates. In ef- 
fect, it replaces the structural lead of a con- 
ventional battery with lighter, stronger 
glass. According to the Horizon's manu- 
facturer, Electrosource Inc., Austin, Texas, 
the woven plate technology is now being 
adapted for use in smaller batteries as well. 

Handling the second problem appears 
still simpler: run your eye over a table of 
the elements, see which one has the best 
combination of high electrochemical pot- 
ential and low equivalent weight, and turn 
it into a battery. With that in mind, scien- 
tists have focused on lithium—the lightest 
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and most reactive of metals—for batteries 
to power all sorts of things from hand-held 
devices to electric cars. 

In reality, of course, building such bat- 
teries is far from simple. The most daunt- 
ing of the problems are the reactivity of 
metallic lithium and its tendency to grow 
dendrites upon repeated charge-discharge 
cycles. While those drawbacks have not 
stopped research on metallic-lithium bat- 
teries, it has certainly stimulated interest 
in batteries based on lithium compounds, 
but which do not contain the metal itself. 
One of the most promising of these is the 
lithium-ion battery. 


In the rocking chair 

na lithium-ion cell, the plates are both 
Ge: of intercalation materials—mat- 

erials having a lattice structure into 
which a guest species (lithium ions in this 
case) may be inserted and extracted with 
not too much structural modification of 
the host. More specifically, a fully charg- 
ed negative plate is made of lithiated car- 
bon, which is about 15 percent lithium by 
weight and has almost the same electro- 
chemical potential as metallic lithium. 
The electrode may be based on graphite 
or petroleum coke. Graphite results in a 
higher-capacity battery with a flatter dis- 
charge characteristic, but petroleum coke 
is less incompatible with most of the suit- 
able electrolytes. 

The discharged positive plate employs 
one of three intercalation compounds— 
LiCoO,, LiNiO,, or LiMn,O,—each of 
which develops a substantial voltage of 
3.5—3.8 V with respect to lithium (or a lit- 
tle less versus lithiated carbon). 

In operation, lithium ions move back 
and forth between the two plates as the 
cell is alternately charged and discharg- 
ed—hence the nickname “rocking-chair 
technology,” or RCT. 

RCT's great gift to battery designers is 
that no metallic lithium is plated during 
the charge, and, to repeat, no lithium 
metal is present in the cell at all. Some 
regulatory agencies do not consider RCT 
batteries to be “lithium” batteries for ship- 
ping purposes. 

The theory behind RCT is far from 
simple and the details of constructing one 
can get quite complex as well. There are 
technical problems to be overcome and 
tradeoffs to be negotiated for both elec- 
trodes and the electrolyte, Spectrum was 
told by Sohrab Hossain, program manag- 
er of the secondary lithium battery pro- 
gram at Yardney Technical Products Inc., 
Pawcatuck, Conn. 

To begin with, a lithiated-carbon nega- 
tive electrode is sensitive to air. In moist air, 
it undergoes a reaction that, in effect, con- 
verts it back into ordinary unlithiated car- 
bon. Therefore, in manufacturing lithium- 
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ion cells, the negative plate is made of 
unlithiated carbon, and is lithiated (by 
being charged) only after the cell is sealed. 

During this formation cycle, some lithi- 
um is permanently transferred from the 
positive plate to the negative one. Since 
the cycle is critical in determining the 
cell's storage capacity, lithiation is carried 
out in the factory, and lithium-ion cells are 
shipped wholly or partially charged. 

As with the negative plate, the best mat- 
erials for the positive electrode are inter- 
calation compounds in which there is lit- 
tle bonding or structural modification of 
the host material during the charge or dis- 
charge reaction. Of the three materials 
cited above, LiCoO, and LiNiO, yield 
slightly higher capacity than LiMn,O,, 
but the last-named is produced from less 
toxic and less expensive materials and is 
therefore likely to become the material of 
choice as the technology matures. 

Unlike conventional lead-acid or alka- 
line batteries, RCT cells are based on non- 
aqueous electrolytes, usually a salt dissolved 
in an organic solvent. The main issues in se- 
lecting an electrolyte are compatibility with 
the chosen electrode materials, good ionic 
conductivity, and thermal stability up to 90 
°C. If the negative electrode consists of 
lithiated graphite, then the choice of elec- 
trolyte is pretty much restricted to systems 
based on ethylene carbonate since those 
based on other solvents tend to cause exfo- 
liation of the graphite. 

If lithiated coke is used for the negative 
plate, then a much wider choice opens up: 
diethylene carbonate, propylene carbon- 
ate, dimethyl carbonate, and many other 
solvents that may be used singly or in 
combination. The favorite solute is lithi- 
um hexafluorophosphate (LiPF,) but oth- 
er lithium salts may be used. The ionic 
conductivity of the mixtures is some two 
orders of magnitude lower than that of 
aqueous alkaline electrolytes, and is high 
enough to make practical batteries for use 
at or above room temperature, provided 
the electrodes have large surface areas and 
are very closely spaced. 

Actually, even at 0 °C the ionic conduc- 
tivity of these electrolytes (above 1 mS/cm) 
suffices for practical batteries. It does, how- 
ever, vary quite a bit with temperature. It 
ranges from 0.23 mS/cm at —40 °C up to 
14.63 mS/cm at +40 °C for a fairly typical 
system (LiPF, dissolved in a 50/50 volume 
mixture of ethylene carbonate and propy- 
lene carbonate). Clearly, then, if RCT bat- 
teries are to power electric vehicles, they 
will have to be heated in winter. 

Speaking of electric vehicles brings to 
mind the subject of fast charging, which 
some people believe is essential for a suc- 
cessful EV battery, and which many peo- 
ple also desire in batteries for portable 
equipment. Lithium-ion batteries look 


pretty good when it comes to fast charg- 
ing since they can be fully charged in less 
than two hours following a modified con- 
stant-current regime. More specifically, 
for a cell with a LiCoO, cathode, the bat- 
tery may be charged at its 1.5C-rate (a 
current in amperes numerically equal to 
1.5 times the battery's capacity in ampere- 
hours) until the voltage reaches 4.2 V, 
which takes about an hour. Then the volt- 
age is kept steady at that level until the 
current tapers off to a very low level (close 
to zero milliamperes) in about an hour 
more. People in a hurry may terminate 
the charging when 4.2 V is reached; at 
that point the battery will be about 90 
percent charged. 

The nub of the charging process is the 
absolute necessity of setting strict limits 
on the charging voltage on each cell. 
Failure to do that may cause the cathode 
and electrolyte to decompose, the pres- 
sure in the cell to rise, and metallic lithi- 
um to plate onto the carbon surface of 
the negative electrode. The need for care- 
ful charge control on each individual cell 
has serious implications for batteries 
made up of many cells—electric-vehicle 
batteries, for example. 


Solid progress 

Impressive as it is, the lithium-ion cell is 
not the metals ultimate battery technolo- 
gy, as far as capacity is concerned. Cells 
with negative electrodes composed of met- 
allic lithium can, in theory, store about 10 
times more energy per unit weight than 
those with negative plates of lithiated car- 
bon. In practice, however, the metal's high 
reactivity militates against achieving more 
than about a 2:1 advantage. 

The trouble is that the lithium elec- 
trode has a tendency to react with any 
liquid electrolyte, creating a sort of pas- 
sivation film. The reaction would have 
little effect on the specific energy if it 
happened only once; but every time the 
lithium is stripped away and then replat- 
ed as the cell is discharged and then re- 
charged, a fresh metal surface is exposed 
to the electrolyte and a new film is form- 
ed. The process uses up a lot of lithium. 
To compensate, cells with metallic lithi- 
um electrodes and liquid electrolytes are 
loaded up with an excess of the metal, 
which costs them much of their theoret- 
ical weight advantage. 

Exacerbating the situation are the 
structural changes that occur in the lithi- 
um electrode during charging, when the 
metal is replated. The plated metal is 
more porous than the original, and the 
porosity adds to the metals surface area 
and, hence, to its inclination to react with 
the electrolyte. 

Partially because of these difficulties, 
many organizations are pursuing research 
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into lithium batteries with solid polymer 
electrolytes, with which the metal reacts 
less than it does with liquids. In a lithium- 
polymer cell, a film of metallic lithium 
would be bonded to a thin layer of a sol- 
id polymer electrolyte, which would be 
backed by a layer of one of many possible 
positive-electrode materials and then by a 
highly conducting current collector [see 
cross-sectional drawing on p. 53]. Note 
that the solid polymer enhances the cell's 
specific energy by acting as both electro- 
lyte and separator. 

A layered structure of this type, if per- 
fected, would have many attractions. It 
could be fabricated in a continuous pro- 
cess by web equipment something like a 
miniaturized newspaper press, but run- 
ning in a vacuum or an inert atmosphere. 
Batteries of such cells could be made in 
almost any desired shape and size, their 
lack of liquid would make them fairly safe, 
they would have the highest specific en- 
ergy rating of any known battery, and they 
would hold their charge for years with 
very little loss. 

The trouble here is that, at room tem- 
perature, suitable solid polymer electro- 
lytes have a rather low ionic conductivity, 
on the order of 0.01—1 pS/cm. In order to 
improve those numbers, researchers are 
experimenting with a variety of salts, 
organic solvents, and other dopants. 

They have had some degree of success. 
On the one hand, they have produced 
solid polymer electrolytes with conduc- 
tivities on the order of 10-100 pS. But on 
the other hand, the plasticized and gelled 
electrolytes are less stable than the sim- 
pler ones because they are more reactive 
with lithium. 

In point of fact, even the heavily doped 
solid polymer electrolytes are one or two 
orders of magnitude less conductive than 
most organic liquid electrolytes, so they 
are always made quite thin. But at 50 pm 
thick or less, they become vulnerable to 
such mechanical risks as tearing and pin- 
hole defects. 

The growth of dendrites on the lithium 
electrode is also a problem since they can 
puncture the polymer film and short-cir- 
cuit the cell. When plated onto the lithi- 
um film during charging, the metal is usu- 
ally deposited fastest in regions where the 
electric field is strongest—namely, where 
there are slight mechanical discontinuities 
in the existing metal. As the dendrite 
builds, the geometry favors its growth 
ever more strongly, since the discontinu- 
ities worsen and so boost the local peak in 
field strength. 

The problem is attacked by a new pro- 
cess for producing Li-polymer cells. Usu- 
ally, lithium is rolled into a foil, which is 
then pressed into the surface of a polymer 
film. The alternative approach, developed 
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at Battelle Pacific Northwest Laboratory, 
Richland, Wash., is to vacuum-deposit an 
ultrasmooth polymer film and then to 
deposit the lithium electrode on it by elec- 
tron beam evaporation without ever break- 
ing vacuum and exposing the surface to air 
or handling. According to John Affinito, 
staff scientist at Battelle, the polymer mul- 
tilayer (PML) process yields polymer lay- 
ers smooth enough for optical interference 
coatings. Thus, depositing the lithium over 
this smooth surface greatly reduces den- 
drite formation. 


The zinc-air cell 
he very latest type of rechargeable 
: battery to move from the research 
laboratory to the marketplace is 
based on zinc-air technology. (Zinc-air 
primary cells have of course been around 
for years.) 

Primary and secondary zinc-air cells 
look alike. Both have a zinc negative elec- 
trode, a potassium hydroxide electrolyte, 
and a carbon positive electrode, which is 
exposed to the air. During discharge, in 
both types of batteries, oxygen from the 
air is reduced at the carbon electrode— 
the so-called air cathode—and the zinc 
electrode is oxidized. 

The difference is that the oxygen elec- 
trode in the rechargeable cell allows that 
reaction to be reversed. Not only can it 
absorb oxygen from the air and convert it 
into oxygen ions for transport through 
the electrolyte to the zinc anode during 
discharge, but it can evolve oxygen while 
the battery is being charged. 

A big weakness of early zinc-air batter- 
ies was their very low specific-power rat- 
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ings—on the order of 10 W/kg. The oxy- 
gen electrode was the problem. It simply 
could not absorb oxygen fast enough to 
support reasonable discharge rates, nor 
could it evolve oxygen fast enough to sup- 
port reasonable charge rates. 

The solution involved impregnating the 
oxygen electrode with catalysts and ren- 
dering it sufficiently porous to give it a very 
large surface area (without letting the elec- 
trolyte leak through). The pioneers in the 
field were Westinghouse Electric Corp., 
based in Pittsburgh, and Dreisbach Elec- 
tromotive Inc. (DEMI), Santa Barbara, Cal- 
if. The companies each hold patents and 
have licensed their technology to AER 
Energy Resources Inc., Smyrna, Ga., for 
use in producing rechargeable zinc-air bat- 
teries for portable products. Also, DEMI 
has spun off another company, Zinc Air 
Power Corp., Canton, Mich., to develop 
large zinc-air batteries for electric vehicles. 

But a good air cathode alone does not 
a zinc-air battery make. An air-manage- 
ment system is also a necessity, as is a 
means for coping with the increase in 
volume that occurs when the zinc is ox- 
idized. The air-management system en- 
sures that the flow of air into the battery 
generates the required power, without 
excessively drying the oxygen electrode. 
It also restricts or completely blocks the 
air flow when little or no energy is being 
drawn, vastly reducing the battery's self- 
discharge. 

In the large batteries under develop- 
ment by Zinc Air Power and the smaller 
ones being sold by AER Energy, a combi- 
nation of an air door and a fan manages air 
flow [see drawing below]. With the door 








Zinc anode Separator 


A Air management is critical to the successful operation of a zinc-air battery. When no current is 
being drawn, the air doors seal the battery from the ambient air and consequently greatly reduce 
the self-discharge rate. 
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A comparison of the most promising batteries 






Specific Energy Specific 
Nominal energy, density, power, Self-discharge, 
Cell type voltage, V Wh/kg Wh/L %/month 


a [a 


60-100 140-220 220-360 10-20 300-700 Exhibits memory effect 
ea Ee a 

net ease rpc 
a Very broad ranges are shown because cycle life is strongly dependent on how the battery is treated. 
» Data on the popular Duracell alkaline D cell is included just to put rechargeable batteries in perspective. 
¢ Li-ion cells with petroleum coke anodes drop from about 4.0 to about 3.0 \, in fairly linear fashion as they go from fully charged to fully discharged. 
dSince commercial units are at least a year away, these figures are only predictive. 
e These power figures apply at full charge; they will drop considerably as the cell discharges. 


Ni-MH data applies to 2.9-Ah 4/3 A cells, of the kind made by Duracell and Toshiba. 


9 Zinc-air data is for the cell that Zinc-Air Power is about to use in a prototype battery for electric vehicles. 



















250-500 Least-cost technology 
500-1000 Intrinsically safe; 

contains no metallic 
200-1000 





lithium 
Not yet available 


commercially; contains 
metallic lithium 


May exhibit slight memory 


300-600 
effect—experts disagree 
~200 Requires air manager to 
limit self-discharge 













A For all their seeming hardness, these figures give at best a rough notion of how the technologies compare. Truly comparable cells are not made 
in every technology. The data was not obtained under identical conditions from all cell types. Note also that data on specific energy and specific 
power may not always apply to the same device, since cell designs may maximize one at the expense of the other. 


open and with the fan running, the batter- 
ies can deliver full power. For a small bat- 
tery, shutting down the fan and leaving the 
door open cuts down on self-discharge, 
while still allowing the battery to put out 
sufficient power to run a computer in its 
sleep mode. And, of course, closing the 
door also effectively shuts down both 
types of battery. Zinc-air batteries with air 
management have some of the lowest self- 
discharge rates—something like 5 per- 
cent per month. 

The presence of the air-management 
system means that even small zinc-air bat- 
teries are not really small. They are cer- 
tainly not supplied as AA cells, but are 
manufactured and sold as modules weigh- 
ing perhaps 3 kg and occupying a volume 
of some 3000-4000 cm3. 

However, the air-management system 
does not absorb a lot of a battery's energy. 
The amount of air required by a zinc-air 
cell is quite low. According to the Hand- 
book of Batteries, the quantity required to pro- 
duce 1 A of continuous current is a mere 
18.1 cm3/min, or about a liter an hour. A 
rather small fan will serve even an electric 
vehicle battery capable of delivering hun- 
dreds of amperes. 

Naturally, the small zinc-air batteries in- 


tended for portable computers and those 
used in electric vehicle applications have 
their differences. The vehicle batteries in- 
corporate filters for removing carbon di- 
oxide from the incoming air and include a 
small pump for recirculating the electro- 
lyte. Removing the carbon dioxide from 
the incoming air is desirable because the 
gas tends to react with the KOH electro- 
lyte so as to form potassium carbonate, 
which eventually plugs up the oxygen 
electrode. For small battery modules, the 
added size and weight are simply unac- 
ceptable, so the filter is omitted and the 
cycle life of the battery is reduced. For 
large batteries, the penalty is negligible 
and the added life is well worth it. 

One weak point of zinc-air batteries is 
sensitivity to electrical abuse. They can- 
not be quick-charged, and if they are dis- 
charged below about 0.9 V (nominal op- 
erating voltage is 1.0—1.2 V), they may be 
permanently damaged. 

To counter these shortcomings, zinc- 
air batteries have built-in monitoring and 
charging circuitry. The first type monitors 
the voltage of each cell, puts out an alert 
signal as cutoff approaches, and shuts the 
battery down when cutoff is reached. The 
second charges the cells under a constant- 


voltage regime, at a voltage of around 2 
V, with current limiting. Charging ends 
when the current tapers off to a speci- 
fied value. Sf 





To probe further 

An extremely comprehensive source of infor- 
mation on batteries of all types is Hand- 
book of Batteries (McGraw-Hill, New York, 
1995), now in its second edition. Its editor 
in chief is David Linden. 

Another good general reference is the sec- 
tion on batteries in the Kirk-Othmer En- 
cyclopedia of Chemical Technology, Vol. 3, 
fourth edition Vohn Wiley & Sons, New 
York, 1992). 

For a more focused look at the best developed 
of the secondary battery technologies— 
lead-acid, nickel-cadmium, and nickel-metal 
hydride—get hold of Maintenance-Free Bat- 
teries by D. Berndt (published by Research 
Studies Press, Taunton, Somerset, England, 
1993, and distributed by John Wiley & Sons, 
New York). 

For an up-to-date survey of the state of the 
art in small batteries, both primary and 
secondary, see “Batteries for Low Power 
Electronics” by Robert A. Powers, Proceed- 
ings of the IEEE, Vol. 83, no. 4, April 1995, 
pp. 687-693. 
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advanced technology 


Sleuthing out 


GRAVITATIONAL 
WAVES 


NCE UPON A TIME, in the Large Magellanic 

Cloud—one of our Milky Way's two com- 

panion galaxies—a star exploded, nearly de- 

stroying itself. One hundred sixty thousand 
years later, in 1987, radiation from that event finally 
reached earth. The first to see the brightening star were 
astronomers in the southern hemisphere. (The last 
supernova visible to the naked eye had been Kepler's 
discovery in 1604.) 

Scarcely 24 hours earlier, in other parts of the world, other 
types of detectors had bestirred themselves. In Italy, at the 
University of Rome, and in the United States, at the Univer- 
sity of Maryland at College Park, gravitational-wave detectors 
registered 12 fairly large and about 100 small pulses over a 
period of two hours. Around the same time, the Mont Blanc 
Neutrino Observatory in France registered five pulses of neu- 
trinos over a 7-second interval. Similar recordings were made 
by neutrino detectors in Kamioka, Japan, and Fréjus, France. 

Astrophysicists are still debating the significance of the ob- 
servations of those two days, Feb. 23 and 24. But others claim 
the pulses registered in Rome and Maryland may have been 
due to actual gravitational radiation from an identifiable 
source—the supernova of 1987. 

Physicists find this ambiguity unsatisfactory. They want to 
detect the gravitational waves themselves, directly and un- 
equivocally. Indeed, the waves’ detection has been called “the 
most important of all tests” of Einstein's general theory of rel- 
ativity by theoretician Kip S. Thorne of the California 
Institute of Technology (CalTech) in Pasadena. The sensing 
or reception of gravitational waves may also deepen astro- 
nomers’ understanding of the dynamics of violent events such 
as supernovae, exploding black holes, and the interactions be- 
tween black holes and neutron stars. As a bonus, whatever is 
learned about detecting ultra-weak signals might help engi- 
neers measuring extraordinarily small displacements or strains. 


The big deal 

According to Einstein's general theory of relativity, all ob- 
jects exist in four-dimensional space-time (that is, in a contin- 
uum having three dimensions of space and one of time). Every 
object's mass curves space-time, a curvature that manifests it- 
self as the mass's gravitational field. The greater the mass, the 
greater the curvature of space-time, and the greater the grav- 
itational field. 


Because gravity is 40 orders of magnitude 
weaker than the Coulomb force, the 
detection of gravitational waves is a 

huge challenge to instrument builders 


Also according to Einstein's theory, massive objects that 
rotate or explode asymmetrically, or oscillate, give off gravi- 
tational waves or ripples that propagate through space-time, 
like ripples or waves on the surface of the ocean [see “Defining 
the target,” p.60]. 

Gravitational waves conform to an inverse square law rela- 
tionship, just like electromagnetic waves. The force of both 
types of energy declines in proportion to the square of their 
distance from their source. But gravitational waves are fully 40 
orders of magnitude weaker than the Coulomb electric force. 
In other words, the ratio of electromagnetic to gravitational 
forces between an electron and a proton is approximately 
10°. Thus, the detection of such vastly weaker waves is a 
monumental challenge to instrumentation. 

The evidence that gravitational waves exist is compelling, 
albeit indirect. The firmest relies on observations made over 
seven years by astronomers Joseph Taylor, of Princeton Uni- 
versity in New Jersey, and Russell Hulse, then at the Univer- 
sity of Massachusetts at Amherst but now also at Princeton. 
Their measurements of radio waves from a binary pulsar de- 
signated PSR1913+16 show that the pulsars 8-hour orbit 
around the neutron star is gradually contracting; the faster 
the pulsar revolves around the neutron star, the smaller its 
orbit gets. As the rate of decrease agrees to within 0.5 percent 
with predictions derived from the general theory of relativi- 
ty, the finding is excellent circumstantial evidence for orbital 
decay being a result of energy lost by gravitational radiation 
[see graph, p.58]. Even though the gravitational radiation it- 
self was not detected, Taylor and Hulse shared the 1993 
Nobel Prize in Physics for this work. 

But what would it take to observe the weak gravitational 
radiation directly? 

Gravitational waves are generally be- 
lieved to travel at the speed of light and 
to deform or distort an object geomet- 
rically as they pass through it. For plane- 
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polarized gravitational waves, the two di- 
rections are at 45 degrees to each other, 
not perpendicular as they are for light. In 
other words, a passing gravitational wave 
distorts an object first in one direction, 
then (in the next half-cycle) in another, 
rotated at a 45-degree angle to the initial 
direction. It takes another half gravitation- 
al-wave cycle for the wave to distort at the 
90-degree angle characteristic of electro- 
magnetic waves in the first half-cycle. 

In principle, this distortion and its after- 
effects should be possible to sense with 
the aid of strain detectors attached to a 
suitable “antenna’—a space-time seismo- 
meter, if you will. But such an antenna 
resembles nothing familiar to electrical 
engineers. In its simplest manifestation, 
the antenna is a large solid cylindrical bar 
[see top figure, opposite]. 

The pioneering resonant-bar detector 
was designed in the late 1950s and built in 
the early ‘60s by Joseph Weber, professor 
of physics at the University of Maryland. 
Weber's design called for a mechanically 
isolated cylinder of solid aluminum weigh- 
ing several metric tons. Piezoelectric strain 
transducers attached at intervals around its 
circumference converted the vibrations 
induced by any passing gravitational wave 
into an electric signal. Weber's bar reson- 
ated mechanically around 1 kHz, so that 
it would “ring” after being distorted by an 
incoming damped-exponential wave— 
the shape expected of a gravitational wave 
from a supernova. Subsequently, other bar 
detectors were built at many institutions 
around the world. 

The main problem with resonant-bar 
antennas is their insensitivity. Even the 
latest of them yield dimensionless strain 
sensitivities of about one part in 10!8 (that 
is, only 10-!8 meter distortion per meter of 
length), too little to detect gravitational 
waves from any but the nearest and most 
violent events. 


The laser alternative 

The laser interferometer owes its sensi- 
tivity in detecting gravitational waves to 
an arrangement of mirrors suspended on 
vibration-isolated pendulums. Two pairs 
of mirrors create two light paths perpen- 
dicular to one another. A laser beam is 
split and the halves sent down each path, 
rebounding back and forth along the leg 
between the mirrors hundreds of times 
before being recombined. The multiple 
passes create the very long light path 
required to amplify the gravitational-wave 
input to detectable amplitude [see bottom 
diagram, opposite]. 

In brief, if a gravitational wave passes 
by, the pendulums holding the mirrors are 
expected to move a little apart in one leg 
and a little together in the other leg, in 
each case by the same tiny fraction of the 
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Source: Joel Weisberg, et al., “Gravitational Waves from an Orbiting Pulsar,” Scientific American, October 1981. 





AAs the binary pulsar PSR1913+16 emits gravitational waves, it loses energy and its orbital peri- 
od decreases. The agreement of the decrease to within 0.5 percent of predictions from the gen- 
eral theory of relativity represents the first indirect detection of gravitational waves. The pulsar 
was discovered in 1974 by Princeton University astronomers Joseph Taylor and Russell Hulse (the 
latter then at the University of Massachusetts at Amherst), who shared the 1993 Nobel Prize in 


Physics for their work. 


laser light wavelength. Their movement 
shifts the relative phase of the two halves 
of the laser beam, momentarily upsetting 
the interference patterns that would oth- 
erwise cancel out. At that instant, the in- 
terference pattern brightens by an amount 
proportional to the strength of the gravi- 
tational wave. The job of monitoring the 
interference pattern for brightening is 
handled by electro-optic detectors, which 
indicate when a passing gravitational wave 
is detected and which recover its variation 
over time. 

Weber soon realized that a laser inter- 
ferometer was potentially a more sensitive 
means of detecting gravitational waves. 
About that time, the early ‘60s, the same 
idea occurred independently to Mikhail 
Gerstenshtein and V. |. Pustovoit at Mos- 
cow State University in the then USSR 
and to Ranier Weiss at the Massachusetts 
Institute of Technology in Cambridge. 

But it was 1978 before the first gravita- 
tional-wave detector to be based on a 
laser interferometer was actually built, by 
Robert L. Forward, then at Hughes Re- 
search Laboratories, Malibu, Calif. Its legs 
(the distance between mirrors) were 2 
meters long. Five years later, in 1983, a 
prototype with 40-meter-long legs was 
installed at CalTech. Designed by physi- 
cists at MIT as well as CalTech, it could 
measure movements of one part in 10!*. 
The figure was subsequently improved to 
one part in 10!8—on a par with most res- 
onant-bar detectors. Similar prototype 
setups now exist in Italy, Germany, Japan, 
and elsewhere. But laser interferometers 


can be made far more sensitive. 

The success of the CalTech prototype 
has led to the funding of twin large-scale 
laser-interferometer detectors, which to- 
gether make up the Laser Interferometer 
Gravitational-wave Observatory (LIGO). 
Within four years, these two instruments 
should be at least three orders of magni- 
tude more sensitive than any other laser 
interferometer detector built to date. 

For both LIGO interferometers, the 
distance between the mirrors of each leg 
is to be all of 4000 meters, down which 
will travel split beams from an argon laser 
at a green wavelength of 500 mm [see fig- 
ure on p.61]. The beams will travel inside 
evacuated pipes 1.22 meters in diameters, 
to eliminate brightness fluctuations when 
a laser beam collides with air molecules. 
To minimize false positive detections due 
to phase artifacts, the laser's frequency 
(wavelength) will have to be stabilized to 
an unprecedented degree—much better 
than 1 Hz per square root of the laser's 
frequency in hertz. 

One of LIGO'’s interferometers is being 
built in Hanford, Wash., and the other in 
Livingston, La. Construction has begun at 
Hanford, where the site should be ready for 
the installation of the interferometer in 
1998, and operation is to begin by 2000. 
Each will provide a cross-check on the oth- 
er, ensuring that pulses due to laser fluctu- 
ations, seismic vibrations, and other distur- 
bances at one facility can be detected as 
false positives after comparison with sig- 
nals or noise measured at the other facility. 

At first, the LIGO should yield a sensitiv- 
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A A laser-interferometer detector has four mirrors suspended on vibration-isolated weighted 
pendulums to create two mutually perpendicular light paths. A laser beam is split and sent down 
each leg, bouncing off the mirrors many times before being recombined to create a very long 
lightpath. If a gravitational wave passes by, the pendulums holding the mirrors are expected to 
move—apart in one leg and together in the other—by a tiny fraction of the laser light wave- 
length. The movement would shift the relative phase of the two halves of the split laser beam, 
upsetting the mutual cancelation of the interference patterns at the detector and registering as 


a detection of a gravitational wave. 


ity of a few parts in 10?!. Eventually, it 
should attain nearly one part in 1023, the ulti- 
mate limit on sensitivity, as determined by 
the quantum uncertainty of the position of 
the mirrors. 

Not only are laser-interferometer detec- 
tors potentially more sensitive than reso- 
nant-bar antennas—they are also better at 
detecting a variety of sources because they 
are inherently broadband. They respond 
to gravitational waves having a frequency 
from 10 Hz to 10 kHz, versus the resonant- 
bar antennas’ 1-Hz bandwidth at 1 kHz. 
Admittedly, the resonant-bar antenna’s 
narrow bandwidth makes it easier to filter 
noise out. But even that is a mixed bless- 
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ing: unless the wave is periodic, narrow fil- 
tering causes the receiver to discard most 
of the wave's detail. 


Input from space 

A third and truly exotic method of de- 
tecting gravitational waves has also been 
proposed: monitoring the Doppler shift 
of the carrier frequency (or rather, the re- 
transmission of the tracking station's fre- 
quency) from two or more interplanetary 
spacecraft simultaneously. 

The technique is analogous to laser 
interferometry. The idea is to detect the 
Doppler shift in a spacecraft's microwave 
frequency as the craft is jostled by a pass- 


ing gravitational wave—that is, as space- 
time is warped in its vicinity. The space- 
crafts’ tremendous distance from the earth 
and from one another amplifies the fre- 
quency shift that might occur when a grav- 
itational wave traverses the line between 
the earth and each spacecraft. The Doppler 
method should be able to detect ultralow- 
frequency gravitational waves in the 
0.01-0.0001-Hz range. 

Some work was started by, among oth- 
ers, Ronald Hellings at NASAs Jet Pro- 
pulsion Laboratory, Pasadena, Calif. Sig- 
nals from three interplanetary probes 
(Galileo, Ulysses, and the Mars Observer, 
then en route to Mars) were monitored for 
frequency shifts due to gravitational waves, 
but no results have yet been published 
from this 1993 experiment, led by John 
Armstrong, also at the Jet Propulsion Lab. 

Inevitably, there are obstacles to over- 
come. Since the effects of a passing gravi- 
tational wave are so small, the reference 
oscillator must be extremely stable to de- 
tect any Doppler shift. Observers must 
also take into account variations in the 
pressure of the solar wind (which differs 
from time to time and with the changing 
distance of the spacecraft from the earth), 
in forces from the attitude control thrus- 
ters (used to occasionally correct the space- 
craft's orientation), and in the refraction of 
the earth's atmosphere (through which the 
signal must travel). Subtracting all these 
variations, the interplanetary detector is 
expected to have a theoretical sensitivity 
of about one part in 10'°—corresponding 
to a displacement of about 0.065 mm over 
the shortest distance from the earth to 
Jupiter and an eighth of that over the 
shortest distance from the earth to Mars. 


Less noise, please 

Noise degrades the sensitivity of any 
gravitational-wave receiver. The interfer- 
ence is mostly due to seismic activity in 
the earth, acoustic interference (also known 
as microphonics) from inhabited surroun- 
dings, and heat (thermal noise). Especial- 
ly troublesome are the non-Gaussian tails 
of noise distribution, which produce a 
significant number of false detections. 

The laser interferometer suffers in addi- 
tion from photon shot noise, which is due 
to quantum fluctuations in the number of 
detected photons. Photon shot noise lim- 
its the accuracy of measurement of the 
optical phase difference above 100 Hz, 
while acoustic and seismic vibrations lim- 
it sensitivity below 100 Hz. In addition, 
the pendulums holding the end mirrors 
must not rotate and the laser beam must 
be steady in amplitude and direction as 
well as highly monochromatic. 

Today's resonant-bar detectors are iso- 
lated from vibration and acoustic noise in 
several ways. Some detectors use unusual 





A cryogenically cooled resonant-bar 
gravitational-wave antenna was built at 
the University of Western Australia, 
Nedlands, in the mid-1980s. The cylinder 
of solid niobium, pulled out from the 
enclosure, is suspended from a room-tem- 
perature stack that isolates it from vibra- 
tion and is contained within multiple 
dewar housings for cryogenic cooling. 


spring arrangements while others 
employ active electromechanical 
cancelation and/or cascaded stacks 
of layers of steel or lead plates alter- 
nating with rubber pads. These 
methods provide attenuation up to 
250 dB. Acoustic isolation is further 
improved by enclosing the detector 
assembly inside an evacuated cham- 
ber with thick walls. 

Thermal noise is handled another way. 
The anticipated distortion or strain of a res- 
onant bar from a gravitational wave is five 
orders of magnitude smaller than the diam- 
eter of one atomic nucleus. In that context, 
the noise produced by the random thermal 
agitation (Brownian motion) of the bar's 
molecules is overwhelming. What makes it 
possible, even so, to detect such minute 
strains is that they are coherent, whereas 


ravitational waves are generat- 
ed only by the equivalent of a — 


rotating or oscillating system— 
that is, two or more masses accelerat- 


ing toward or away from each other 


and exhibiting what is called a. quad- 
rupole moment of inertia. 

Only such quadrupole and higher 
multipole sources can generate gravi- 
tational waves because, whereas there 
are negative electric charges, there are 


no negative masses. A negative electric _ 
charge oscillating back and forth is the © 


equivalent of a positive charge moving 
in the opposite direction, and this 
equivalence enhances the generation 
of electromagnetic waves. Since there 
is just one gravitational polarity, how- 
ever, a mass can oscillate only with re- 
spect to a counterweight. This counter- 
weight reacts to the oscillation and 
generates a gravitational disturbance 
that almost, but not quite, cancels the 
disturbance of the first body. 

As explained by physicist Paul Davies 
of Australia’s University of Adelaide, 
the gravitational disturbances would 
completely cancel out but for the time 
required for them to travel between 
the masses. It is this out-of-phase imbal- 
ance in the cancelation of the distur- 
bances that propagates as a gravita- 
tional wave. For this reason, such waves 


the Brownian motion is random. More- 
over, the Brownian motion can be reduced 
by cooling the detector with liquid helium 
to a temperature of 4.2 K. Some setups are 
further cooled to 0.05 K by an active pro- 
cess known as dilution refrigeration. 

In either case, superconducting amplifi- 
ers may then be used with little increase in 
the complexity of the mechanical design. 
Some researchers, for example, are using 


are ‘not generated by quiescent stars, 
those rotating on their axis symmetri- 
lly or even exploding symmetrically, 
because there is no quadrupole mom- 
ent (although that situation changes if 
they explode asymmetrically or change 
their shape). / 
_ Atypical binary star system, howev- 


er does have a quadrupole moment 


and should produce a slow periodic 
gravitational wave. A binary star sys- 
tem near enough would cause a mea- 


_ surable distortion a little in excess of 


one part in 102! on earth. 
_ For the wave to lie in the frequency 


range (typically 1000 + 1 Hz) of the 


gravitational-wave detector, though, 
the two stars of the binary must be in 


_ the final stage of coalescing, a rare sit- 
uation. For comparison, a supernova is 


expected to produce damped expo- 
nential impulse waveforms each lasting 
1 millisecond. A collision or collapse of 
a binary system between two neutron 
stars or between a neutron star and a 
black hole would produce gravitation- 
al waves with a sliding frequency in 
the 1-1000-Hz range as one star spirals 
in onits partner. _ 
Physicists also believe that the uni- 
verse itself might be a source of gravi- 
tational radiation in the form of con- 
tinuous noise, originating during the 
Big Bang explosion at its birth. 
—M.A.L. 
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superconducting quantum interference 
devices (Squids), a component that is ex- 
tremely sensitive to changes in magnetic 
flux. Already in use in medical electronics, 
Squids generally serve as the first-stage 
post-detection amplifier because they are 
over 1000 times as sensitive as room-tem- 
perature FET amplifiers. 

When a gravitational wave passes 
through the cylinder and distorts its shape, 
the moving input coil produces minute 
changes in the magnetic flux. That mag- 
netic flux change then creates a relatively 
large variation in the voltage across the 
Squid junctions. In turn, these variations 
are passed along as voltage signals to suc- 
ceeding stages of amplification—general- 
ly room-temperature FET amplifiers with 
optimal filtering for the anticipated sig- 
nals. If tuned mechanical transformers or 
resonators are installed between the an- 
tenna and the transducer, transfer of the 
gravitational wave's pulse is maximized and 
amplifier noise coupling is minimized. 


Refining sensitivity 

To prolong the resonant ringing of the 
antenna itself, it is necessary to maximize 
the antennas Q (a figure of merit equal to 
the antennas resonant frequency divided 
by bandwidth). Higher Qs give a longer 
sustained response to the incoming wave, 
so that the noise from Brownian motion 
can be more effectively averaged out. In 
addition, along with higher Qs comes 
lower noise power plus the concentration 
of that noise power into a narrower band- 
width, facilitating filtering. 

Aluminum alloyed with magnesium has 
a Q greater than 107 at 4.2 K. Even high- 
er Qs can be obtained by employing exot- 
ic single-crystal materials. At cryogenic 
temperatures, Qs as great as 10!° can be 
achieved from a mass of single-crystal 
sapphire. Clearly, that approach is expen- 
sive; as a compromise, polycrystalline nio- 
bium is capable of a Q of 108 and is avail- 
able in masses of a thousand kilograms at 
moderate expense. 

With single-crystal materials, however, 
the oscillations in the resonant-bar anten- 
na should last many hours. Integration of 
the oscillations would reduce the noise 
(which is random) and increase the signal 
(which is coherent). The approach en- 
hances the net sensitivity—though at the 
price of losing the signal's temporal char- 
acteristics (wave shape). 

Moreover, for sensitivity greater than 
one part in 102!, the measurement strate- 
gy must change in order to push the quan- 
tum limit of the noise. Some teams—one 
of the first being that headed by Vladimir 
Braginsky at Moscow State University— 
have taken an exotic approach known as 
quantum nondemolition detection or 
back-action evasion detection. 
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The Heisenberg uncertainty principle 
states that the measurement of an object's 
position will disturb the measurement of 
its momentum, and hence its velocity (that 
is, will introduce noise), so that beyond a 
certain limit both position and momentum 
cannot be measured simultaneously. 

The effect of the uncertainty principle's 
noise fluctuations can, however, be modi- 
fied. The means is parametric pumping, 
with a nonlinear optical medium covering 
the open beam-splitter port. The pumping 
increases the fluctuations in one quadrature 
phase of the interferometer's output light, 
while decreasing those in the orthogonal 
(90-degree) quadrature phase. In effect, the 
fluctuations become “squeezed” out of one 
quadrature phase into the other, making 
the signal clearer. While the principle of 
quantum nondemolition has been shown 
to work, a detector with a sensitivity below 
the quantum limit has yet to be built. 


The scale of the antenna’s ‘area’ 

The sensitivity of any gravitational-wave 
receiver is also limited by the antenna’ ef- 
fective gravitational cross section, a quanti- 
ty analogous to an RF antenna’s effective 
area. In the resonant-bar detectors, the 
effective gravitational cross section is de- 
termined by the antenna’s length and mass. 
In essence, the bar is viewed as a single- 
mass quadrupole, vibrating as a classical 
harmonic oscillator that is driven by the 
space-time curvature (the Riemann tensor); 
then solving for the vibration determines 
the net absorption and hence the cross sec- 
tion. Mathematical estimates put the grav- 
itational cross section of a multi-ton alu- 
minum cylinder at only about 104 m2, or 
much smaller than a helium atom! 

Such dimensionality should be no de- 
terrent. After all, though a resonant bar's 
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<@ The Laser Interferometer Gravitational-Wave 
Observatory (LIGO) will consist of two similar laser 
interferometers installed in Hanford, Wash., and 
Livingston, La. At each site, two laser beams will trav- 
el along 4-km-long tunnels at right angles. Passing 
gravitational waves should affect the interference 
patterns of the beams in a telltale way, enabling their 
detection. 
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cross section to gravitational waves may 
be minuscule, the cross section of neutri- 
no interaction with matter is also almost 
vanishingly small—but neutrino astrono- 
my is an active, successful endeavor, with 
many detections confirmed to date. Fur- 
ther, improvements in the bar detectors 
and interferometers now on the drawing 
boards are expected to enable them to de- 
tect gravitational waves from collisions of 
black holes throughout most of the uni- 
verse, resulting in many events per year. 
So were gravitational waves recorded 
from the 1987 supernova, as Weber be- 
lieves? Not everyone agrees. In the light 
of his statistical analysis of the data, 
Bernard F. Schutz, at the University of 
Wales at Cardiff, claims the pulses report- 
ed from several gravitational-wave detec- 
tors are not convincing enough evidence. 
CalTech’s Thorne holds the same position. 
So for the time being, the “did we or 
didn't we see anything” controversy con- 
tinues in the gravitational-wave commu- 
nity. To decide the issue, what is needed is 
is more sensitive instrumentation plus con- 
sistent, verifiable detections. LIGO and the 
instruments now coming on line may allow 
physicists at last to detect unambiguously 
the waveforms of gravitational waves— 
and perhaps even analyze them. ¢ 





To probe further 

Stephen Boughn’s article, “Detecting gravita- 
tional waves,” American Scientist, March- 
April 1980, Vol. 68, pp. 174-83, is an over- 
view of the early work in the search for 
gravitational waves. 

For a readable account of the binary pulsar 
PSR1913+16 and its role in providing ev- 
idence for gravitational waves, see Was 
Einstein Right? by Clifford M. Will (Basic 
Books, New York, 1986). 











Site 2 


Source: LIGO 


The Detection of Gravitational Radiation, 
edited by David G. Blair (Cambridge Uni- 
versity Press, England and New York, 1991) 
sums up the state of the art in gravitation- 
al-wave receivers. It includes an introduc- 
tion to quantum nondemolition detection. 

The 1267-page textbook Gravitation, by 
Charles Misner, Kip S. Thorne, and John 
Wheeler (W. H. Freeman, formerly in San 
Francisco, now in New York, 1973), is still 
the bible of theory for students and prac- 
titioners in gravitational-wave research. 

Chapter 10, “The Ripples of Curvature,” in 
Black Holes and Time Warps: Einstein’s 
Outrageous Legacy, by Kip S. Thorne (W. 
W. Norton, New York, 1994), summarizes 
plans for the Laser Interferometry Gravita- 
tional-Wave Observatory (LIGO). 

For more on whether or not gravitational 
waves were detected along with the first 
sightings of the 1987 supernova, see “Co- 
incidences Among the Maryland and Rome 
Gravitational Wave Detector Data and the 
Mont Blanc and Kamioka Neutrino De- 
tector in the Period of SN1987A.” Written 
by E. Amaldi, Joseph Weber, et al., it ap- 
pears in the Proceedings of the 14th Texas 
Symposium of Relativistic Astrophysics, 
Annals of the New York Academy of 
Sciences, 1990, Vol. 571, pp. 561-76. 
Leonid Grishchuk refutes Weber's gravita- 
tional cross-section calculations in “Quan- 
tum Mechanics of a Solid State Bar Gravi- 
tational Antenna,” Physical Review D, 
April 15, 1992, Vol. 45, no. 8, pp. 2601-08. 
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When an entire system can be built on 

the periphery of a flat-panel display, 

a nation’s ability to manufacture those displays 
becomes vital to the survival of its industries 


U.S DISPLAY INDUSTRY 


ON THE EDGE 


ater this month, display engineers and 
executives from around the world will 
congregate in Orlando, Fla., for the 
Society for Information Display’s Inter- 
national Symposium, Seminar, and Exhibition 
(SID '95). Inevitably, they will agree that flat-pan- 
el displays are a commercially, militarily, and eco- 
nomically strategic technology. Inevitably, too, 
many of them will discuss the latest figures on 
where the displays are made, how market share is 
allocated among the diverse technologies, and 
above all, who is getting to spend the big bucks 
required for setting up manufacturing facilities for 
high—information-content flat-panel displays. 
The general picture painted by these figures is 
familiar to the cognoscenti and of deep concern to 
members of the electronics industry in Japan, 
Korea, Taiwan, the United States, and Europe— 
although for different reasons. In Japan, which is 
investing heavily in flat-panel displays and domi- 
nates the world's high—information-content dis- 
play market [see pie charts, opposite], industry 
leaders are confronting the inevitable erosion of 
their market share. Korean companies are invest- 
ing the equivalent of hundreds of millions of U.S. 
dollars to seize a chunk of the market. Computer 
companies in Taiwan—badly burned in the first 
half of 1992, when Japanese suppliers rationed 
their allocation of liquid-crystal displays (LCD) 
modules and prevented them from filling many 
orders for laptop computers—are bent on achiev- 
ing at least a degree of self-sufficiency in LCDs. 
For a time, U.S. and European companies seem- 
ed not about to compete for the high-volume part 
of the flat-panel display business. The lead of 
Asian companies looked too great, and the invest- 
ment needed for new manufacturing facilities is 
enormous. But perceptions change, and the cur- 
rent view is that if a region does not manufacture 
flat-panel displays, it will soon not manufacture a 
great many computer, communications, and con- 
sumer-electronic products as well. 
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Now, product planners look at electronic sys- 
tems and see that, with the exception of the dis- 
play, every component used today can either be 
miniaturized or replaced by one that can be. Even 
keyboards can be replaced in many applications by 
voice input, by electronic pens, or by “soft” key- 
boards presented on a touch-sensitive display. 

Meanwhile, polycrystalline silicon is starting to 
replace amorphous silicon in the thin-film transis- 
tors that are basic to active-matrix LCDs. Once 
they have polysilicon to play with, designers can 
fabricate other circuitry—the drive, support, and 
even some system electronics—on the displays 
glass panel at the same time as they fabricate the 
active matrix’s thin-film transistors [see “The shape 
of things to come,” p. 65]. 

Once system electronics can be integrated with 
the display, the display effectively becomes the 
chassis and, moreover, the completed product. 
Consequently, anyone whose business currently 
involves importing a display and adding value to 
it—for instance, personal computer manufactur- 
ers—will no longer have a business, as there will be 
little value to add other than their brand name. In 
this context, the large investments some nations 
are making in flat-panel display manufacturing 
facilities (a high-volume manufacturing line costs 
in the US $300 million range, and entire plants 
well over half a billion dollars) are not surprising. 


The other technologies 

At the moment “flat-panel display” is almost 
synonymous with “liquid-crystal display.” LCDs 
will account for 87 percent of all (not just 
high—information-content) flat-panel display sales 
in 1995, according to Stanford Resources Inc., San 
Jose, Calif. [see the pie chart, p. 64]. But there are 
certainly other technologies. 

Electroluminescent displays, though a small 
percentage of the total, have a solid and loyal fol- 
lowing. The world market for high—information- 
content electroluminescent displays is divided 
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about 55:45 between Planar Systems Inc., Beaver- 
ton, Ore., and Sharp Inc., Osaka, Japan, according 
to Joel Pollack, product marketing engineer at 
Sharp Microelectronics Inc., in Camas, Wash. 
Planar Systems has developed an innovative full- 
color electroluminescent display for commercial 
use and is positioning itself for a broader range of 
applications. Sharp is at work in the laboratory on 
an entirely different approach to color, but 
emphasizes the electroluminescent approach for 
demanding monochrome uses, Pollack noted. 
Plasma display panels, though they have more 
than twice the sales of the electroluminescent type, 
also have a small market. Still, they are the one 
direct-view technology that can produce large, flat, 
full-color displays and therefore almost certainly 
have a central role to play in large-screen high-def- 
inition television receivers. They are being worked 
on in Asia, the United States, and Europe, with 
Japan's Fujitsu Ltd. supplying the first commercially 
available full-color plasma display panel. 
Field-emitter-display technology is still in a de- 
velopmental stage, but some analysts think it is the 
only existing flat-panel technology that could com- 
pete head to head with LCDs. There is active 


development in France, the United States, and Asia. 


A national concern 

In the United States, government as well as 
industry has good reasons to want an indigenous 
advanced display manufacturing industry. The 
Department of Defense (DOD), in particular, dis- 
likes the idea of designing strategic systems 
around imported flat-panel displays. This concern 
is magnified by a business strategy shared by the 
major Asian suppliers of advanced displays, which 
is to produce standard items in high volumes and 
not bother with relatively small quantities of cus- 
tom products. 

The problem is, the existing U.S. flat-panel 
industry is minuscule—certainly too small to sup- 
port the manufacturing equipment and material 
suppliers that make up the infrastructure an 
indigenous industry needs. But without the avail- 
ability of such suppliers, each company would 
have to custom-design its own equipment, which 
small companies cannot afford to do. It's a classic 
chicken-and-egg dilemma. 

The solution, as developed over the last few 
years, has industry-government consortia collabo- 
rating on both basic technology and a manufac- 
turing infrastructure. The consortia will support 
and develop common manufacturing materials, 
processes, and equipment that can be utilized by 
most flat-panel display manufacturers. Because 
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equipment makers will be able to sell these rela- 
tively standardized production tools to many 
manufacturers, they will have enough volume to 
keep prices affordable. 

In general, the consortia are careful to be tech- 
nology-neutral, and not try to outguess the market 


. In 1994, Japan's investment in new flat-panel technology research and 
development dwarfed that of the United States and Europe; the only siz- 
able effort that could be quantified was being launched by South Korea 
(figures for Taiwan are not available). Japan—with 95 percent of 1994's $6.3 
billion world market for 10-inch-class (9.5-10.5 inches) flat-panels—was 
the only nation whose private industries could make such an investment 
unaided by government. 
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and pick winners in advance. (Fortunately, 
many generic manufacturing procedures, 
such as thin-film sputtering, photolithog- 
raphy, and handling large glass substrates, 
are common to all or many flat-panel 
technologies.) Seed money is coming 
from the industry itself, DOD and its 
Advanced Research Projects Agency 
(ARPA), and the Commerce Department's 
Advanced Technology Program. 

The industry-government collabora- 
tions have energized the few U.S. produc- 
ers of flat-panel displays, stimulated plans 
for new manufacturing efforts, and encour- 
aged makers of semiconductor manufactur- 
ing equipment to invest in modifying their 
products extensively for the efficient pro- 
duction of flat-panel displays. Semicon- 
ductor Equipment and Materials Inter- 
national (SEMI), the trade association of 
semiconductor manufacturing-equipment 
and materials makers, started its North 
American Flat Panel Division in 1993. The 
division now has 103 members. 

Another indicator is provided by the 
33-year-old Society for Information Dis- 
play, which in January 1994 held its first 
Display Manufacturing Technology Con- 
ference (ODMTC). The organizers were 
pleasantly surprised when 500 people at- 
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World market in 1995 for flat-panel displays, 
in millions of U.S. dollars 
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tended and equipment manufacturers 
complained that there were no associated 
exhibits. DMTC '95, held Jan. 31—Feb. 2, 
1995, in Santa Clara, Calif., attracted 875 
people and 52 exhibitors. Next February, 
it will be incorporated into Display Works 
‘96, a larger event jointly sponsored by 
SEMI, the Society for Information Dis- 
play, and the United States Display Con- 
sortium. Display Works will include a 
technical conference, business-develop- 
ment seminars, and an exhibition planned 
to include Asian as well as North Amer- 
ican and European equipment makers. 


Value subtracted 

MM ot everything is coming up roses, 
= however, as far as the flat-panel 
B display crowd in the United States 
is concerned. The new leadership in the 
US. House of Representatives is targeting 
government-industry cooperative pro- 
grams as part of its cost-cutting measures. 
These programs include some that were 
carefully crafted to enhance the DOD's 
ability to procure commercial technology 
for military applications. DOD is con- 
vinced this dual-use approach will allow it 
to procure systems far more efficiently and 
quickly than it has in the past. Other flat- 


Light-emitting diode (LED) 
$463 (4.0%) 


Vacuum fluorescent 
$640 (5.6%) 


Traditional 
liquid-crystal 
$4983 (43.3%) 


A In 1995, 87 percent of all flat-panel displays will still use liquid-crystal technologies. But tech- 
nologies just coming on line, such as field-emitter and color plasma, can challenge them, thereby 
opening a window of opportunity for those who can afford the game's sizable ante. 
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panel programs on the chopping block are 
already building a commercial base that is 
generating tax revenues. Consequently, at 
least some people in DOD, the display 
community, and the Clinton administra- 
tion are shaking their heads in wonder. 

At DMTC '95, Kent H. Hughes, asso- 
ciate deputy secretary of the Commerce 
Department and past president of the Pre- 
sident's Council on Competitiveness, said: 
“The new legislators need education. 
Some are skeptical of technology policy. 
They think it is similar to an industrial 
policy, which they think is one step away 
from a Soviet five-year plan. We think, 
though, we have an effective story to tell." 

DOD's appeals so far have fallen on 
deaf ears, and the agency's representatives 
state publicly that they must not be ex- 
plaining things clearly enough. Spokes- 
man Glenn Flood said: “We're still fight- 
ing for...dual-use programs. We need to 
find ways of educating people about the 
dual-use concept and its importance to 
DOD and the country." 

Aris Silzars, director of the Display Re- 
search Laboratory at the David Sarnoff 
Research Center, in Princeton, N_J., is pri- 
vately circulating the draft of a position 
paper among senior people in the display 
community prior to wider distribution. 
Portions of the white paper obtained by 
IEEE Spectrum [see "Excerpts on display,” p. 
67] indicate just how important some 
people in the flat-panel display world 
believe these programs to be. 

Meanwhile, DOD's Technology Re- 
investment Program, which is dedicated 
to realizing the benefits of dual-use tech- 
nology for military systems development, 
may be the first casualty of Congressional 
cost-cutters. Funding for the program has 
been cut from the current House and 
Senate versions of the appropriations bill. 


Cast of players 

Against this turbulent background, let's 
look at the leading consortia and support 
organizations. Who are the players, what 
are their roles, and how can companies 
gain access to some of the money and 
support services that are now available? 

Founded in 1993 by ARPA and indus- 
try, the United States Display Consor- 
tium quickly emerged as a critical force in 
the renaissance of flat-panel display man- 
ufacturing in the United States. “The 
[consortium's] mission—developing a 
US.-based infrastructure of equipment 
and materials suppliers—is the bridge that 
will allow the domestic [flat-panel dis- 
play] industry to make the transition from 
strong R&D to robust manufacturing,” M. 
Robert Pinnel, the consortium’s chief 
technical officer, told Spectrum. 

Funds for the consortium come partly 


from DOD through ARPA and partly 
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from the industry itself. The first-year goal, 
that industry would fund 29 percent of 
the program, was exceeded—industry ac- 
tually contributed over 50 percent. 

The consortium's projects are defined 
by a technical council [see block diagram, 
p. 66] made up of representatives from 
member companies, which include AT&T, 
Motif, Planar Systems, Silicon Video, and 
Xerox PARC. Also included are represen- 
tatives of the United States Display Con- 
sortium'’s commercial user group (Apple, 
AT&T, Chrysler, Compaq, Delco Elec- 
tronics, IBM, InFocus, and Sun Microsys- 
tems), the military and avionics user group 
(which includes Litton Systems Canada, 
Rockwell, and SAIC), the supplier com- 
munity, and the U.S. government. 

For each project, a team of experts from 
the manufacturing members prepares de- 
tailed specifications for the next-genera- 
tion system or process. These specifica- 
tions are put in the form of a request for 


proposal that is distributed to the supplier 
community through SEMI's North Am- 
erican Flat Panel Division. 

The suggestion that this arrangement 
compromises the openness of the process 
is dismissed by Bill Reed, SEMI's presi- 
dent. "SEMI had already established an 
efficient structure with the [Flat-Panel 
Division], which is as open a group as you 
could imagine. Any North American- 
based supplier of flat-panel display equip- 
ment or materials can join, including the 
North American divisions of Asian and 
European companies. In fact, our goal is 
that 100 percent of these companies will 
join [the division].” 

After suppliers submit their proposals, 
the project team selects those they judge 
best and presents its recommendations to 
the technical council for approval. Upon 
doing so, the council sends the recom- 
mendations to the Governing Board for its 
approval and granting of awards. This 
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mercial products: DisplayPac, from Computer Dy- 

namics Inc., Greer, S.C. A complete computer, it is 
only slightly larger than its largest functional component—a 
color liquid-crystal display (LCD) with a 10.4-inch diagonal. 
The entire 486DX4 is 64 mm thick, and is intended for ma- 
chine control and similar embedded applications. 

As the photograph shows, the Computer Dynamics product 
is built on a conventional chassis, which is dominated by the 
LCD. It is now technically possible to mount many of the 
required ICs directly on the LCD’s glass substrate with tape — 
automated bonding or chip-on-glass technology. Chip-on-glass 
is particularly attractive because it permits dense packaging. — 
Reality does rear its ugly head here. Many of the required chips _ 
are not available in a form compatible with chip-on-glass, and 
building a chip-on-glass computer would not be economically 
viable today. When it is viable, the LCD's glass substrate would 
be the primary chassis for the display, and the conductors con- 
necting the chips would be part of the display substrate. 

The next level of integration, as most commonly 
conceived, depends upon the replacement of amor- 
phous silicon—the material currently used for mak- 
ing the transistors in active-matrix LCDs—with poly- 
crystalline silicon. With this higher-quality material, 
display drivers and other relatively low-density elec- 
tronics could be fabricated directly on the active- 
matrix LCD substrate when the display itself was 
made. At that point, the display would contain a 
good part of the system, and not be just its largest 
and (often) most expensive component. But even 
the chip-on-glass approach embodies system circuit- 
ry on the display substrate, so the display will no 
longer be a component of the kind conventionally 
aimed at original-equipment manufacturers. 

One company looking forward to using a glass-as- 
chassis architecture (of the chip-on-glass variety) is 
AT&T Corp., according to its vice president for global 
manufacturing and engineering, Lawrence C. Seifert. 
In the keynote address at the Society for Information 


A of the future is apparent in one of today’s com- 





three-level review process is intended to 
ensure that proposals are selected only on 
their business and technical merits. 

Recent proposals include one for devel- 
oping equipment and processes for pho- 
tolithographic patterning of a large area— 
currently 500 by 500 mm—of display glass 
when the electrical and physical features 
do not require the very high resolution of 
stepper lithography. Another is intended 
to establish a competitive U.S. supply base 
for light-polarization and -retardation 
films, a critical and costly component in 
liquid-crystal displays. 

So far, the United States Display Con- 
sortium has authorized 13 projects worth 
$51 million—a sum that includes both the 
ARPA and the consortium'’s awards and 
the industry's cost share. 

The consortium has close ties with 
SEMI and the National Center for Advanc- 
ed Information Components Manufac- 
turing at Sandia National Laboratories. In 


Display’s last International Display Research Conference, Seifert 


























Monterey, Calif. - 


Polysilicon is being used now to fabricate small (2.5-5-cm) 
active-matrix LCDs for the next generation of LCD projection 
displays. It will be some time before the process can be eco- 
nomically scaled up to 10-inch (9-10.5-inch)-class displays. But 
papers that describe how integrated display drivers can be 
made with amorphous silicon will be presented at the Society 
for Information Display’s International Symposium, Seminar, 
and Exhibition (SID ‘95) in Orlando later this month. 


predicted that the home and office telephone of the future will 
be an inexpensive multimedia terminal plugged into an 
advanced broadband network. AT&T's current concept of such 
a terminal is an active-matrix LCD with chips around the dis- 
play’s periphery. These chips would not be limited to the display 
drivers, but would also include a 486-class processor, support 
chips, memory, disk controller, and local network interface. The 
LCD would be the chassis for the terminal, and most of the ter- 
minal’s cost and size would be in the display. 

"The display is the product,” Seifert said last October in 
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addition, it works with the other display 
organizations of importance. The five 
described here are the Society for Infor- 
mation Display, the Center for Display 
Technology and Manufacturing, the Phos- 
phor Technology Center of Excellence, the 
National Center for Advanced Information 
Components Manufacturing, and the Am- 
erican Display Consortium. 

The Society for Information Display 
(SID) is devoted to advancing display tech- 
nology, manufacturing, and applications. 
Founded in the United States in 1962, the 
international nonprofit organization has 18 
chapters in Europe, North America, and 
Asia. Its international technical conferences 
and exhibits are events at which issues hav- 
ing to do with business, as well as technol- 
ogy, have long been discussed. 

Its largest conference of the year, the 
International Symposium, Seminar, and 
Exhibition (SID '95), will be held May 
21-26 in Orlando, Fla. Display Works '96, 
which it sponsors together with the Un- 
ited States Display Consortium and SEMI, 
will be held next year, during Feb. 6-8, in 
San Jose, Calif. 

The Center for Display Technology 


A The United States Display Consortium makes sure that the selection of projects is unbiased by using a multitiered review path [shown in red]. 


and Manufacturing at the University of 
Michigan was first funded in July 1993. 
The center focuses on research and devel- 
opment in manufacturing processes and 
materials, which the group's administra- 
tors believe are the keys to producing 
low-cost, high-quality displays. 

Any for-profit company manufacturing 
displays, display components, or display 
materials in the United States may become 
a member of the center for an annual fee 
that, depending on the company's gross 
sales and location, ranges from $5000 to 
$50 000. (Michigan companies pay half the 
fee of out-of-state companies.) U.S. univer- 
sities, research centers, and other not-for- 
profit organizations active in the field of 
high-definition or flat-panel-display tech- 
nology are eligible for associate member- 
ships at an annual fee of $5000. Members 
include Delco Electronics, IBM, and Philips 
Display Components, as well as the 
Georgia Institute of Technology and Kent 
State University. 

With initial support from ARPA, the 
Phosphor Technology Center of Excel- 
lence set up its headquarters at Georgia 
Tech in August 1993, but it utilizes re- 








































search facilities at several universities 
across the United States. It solicits the 
membership of for-profit companies and 
performs applied research, as well as sup- 
porting general research, on phosphors. 

According to Aron Vecht of the 
University of Greenwich in England, dis- 
play-phosphor research languished in the 
1970s and ‘80s. Now, the research is 
catching up with other display advances, 
and the center is a worthy contributor. 

As an example, the current interest in 
field-emitter displays has generated a need 
for low-voltage phosphors with improved 
performance. A paper presented at the 
Display Manufacturing Technology Con- 
ference ‘95 and written jointly by the 
Georgia Tech phosphor center and by 
personnel from SI Diamond Technology 
Inc., Austin, Texas, discussed the develop- 
ment of low-voltage phosphors with long- 
er lifetimes and lower voltage thresholds. 
These phosphors can be run at higher cur- 
rent densities, resulting in displays with 
higher luminance and efficiency. 

The National Center for Advanced In- 
formation Components Manufacturing 
(NCAICM, pronounced en-cake-um) was 


IEEE SPECTRUM MAY 1995 








eas on diapiny 


The following passages have been taken from a privately cir- 
culated report written by Aris K. Silzars, director of the Displa M4 
Research Laboratory at the David Sarnoff Research Center, 
Princeton, NJ. 


* On the hendtits of focused investments: 


"Recently, there has been considerable discussion in 
Congress about replacing focused technology investments — 
with across-the-board investment tax credits. Across-the- 
board credits may be useful but their benefits are hard to 


assess. On the other hand, we can already quantify the posi- 
tive effect that the ARPA programs have had on leveraging 


modest investments. Private capital is available, but investors — 


must be convinced that they are investing in something that 
is likely to become a business success. They are reluctant to put 
money into something that has not even been demonstrated 
in a laboratory. As with all of us, it’s a ‘show me something 
exciting’ mentality. When ARPA provides its modest funding, 
in the few-million-dollar range, so a new technology can be 
demonstrated, this investment can result in private and insti- 
tutional investors putting up the $10 million to $20 million (or 
more) needed to create a successful company. Real-world 
examples include Planar Systems, Inc. [Beaverton, Ore.]; Kopin 
Corp. [Taunton, Mass.]; S! Diamond Technology, Inc. [Austin, 
Texas]; and OIS Optical Imaging Systems, Inc. [Troy, Mich.]— 
and there are many others. Once this private investment has 
been triggered, and the company becomes a viable business, 
the government's investment is returned many times over. 
Planar, for example, is today a nearly $100 million corporation 
paying corporate income taxes, as well as personal income 





taxes through its employees. Is it not ironic that ARPA’s. 
focused-investment programs—proven money makers for the 
Federal, State, and Local Governments—are now being 
threatened under the banner of government cost-cutting?” 








* On quantifying the payback of government investment: 
“Programs such as ARPA‘ are not charities. They are the best 
return on investment the U.S. Government can hope to 
achieve. It takes between $2 million and $5 million govern- 
ment dollars to demonstrate a technology concept. Once 
demonstrated, that concept attracts $10 million to $20 million 
of private investment. In 5 to 10 years, the company grows to 


~ $100 million while additional private dollars are added to fund 


growth. All through this growth process the company has 
been adding employees and, at the $100-million level, is typi- 
cally a 1000-employee company, with the government earning 


back over $30 million annually in corporate, personal, and 


social security taxes. This is a return on investment that any 


_ business would be proud to show. Even if only one business in 


five succeeds, it’s still a great deal. The companies that grow 
large contribute substantially, but even those companies that 


_ Stay small have attracted private investments, are employing 


people, and are creating a tax-paying base of skilled workers.” 


"© On the effects of this investment: 


"The U.S. can only succeed in being a leader in the 
Information Age if it can assure access to the best display tech- 
nologies. Thus, the government's investment plays a surpris- 
ingly vital and multiplicative role. If we don't have the best 
displays, we lose this access, we lose our competitiveness in 
products using these displays—products such as computers, 
telecommunications, and semiconductors. The $100 million 
[per] year investment the government is currently providing 
begins to look like pocket change compared to the tax rev- 
enues that will be lost if the government turns its back on this 
already proven investment opportunity. i 

“We have good, modest, carefully crafted programs in 
place. They work. All we have to do is stick with those pro- 
grams, nurture our entrepreneurs, and let American creativity 
and energy contribute to the wealth of the nation—and 
return the Government's investment many times over.” 





founded in the fall of 1993 at Sandia 
National Laboratories, in Albuquerque, 
N.M., to work with commercial and non- 
commercial organizations. Currently, 
projects include modeling flat-panel fac- 
tory costs; laser alignment and the sealing 
of flat-panel display glass; vertical-cavity 
surface-emitting lasers; and contamina- 


maco, Sl 


AT&T, Coloray, Electro-Plasma, 
Display Systems, Motif, Norden, OIS, 
Photonics Imaging, Planar Systems, Plas- 
Diamond, Silicon Video, 
Standish, Three-five Systems, and Xerox. 


The other side of the Pacific 


Kent nology research or manufacturing, accord- 
ing to two sources: Masahiro Kosaka, direc- 
tor of Matsushita Ltd.'s Liquid Crystal Dis- 
play Development Center in Osaka, and a 
second member of the display community 
who asked not to be identified. Recall, 
however, that Japan's share of the global 


flat-panel display sales, which today con- 


tion-free microelectronic manufacturing. 
The surface-emitting-laser project is gen- 
erating commercial interest. 

Since 1990, the American Display Con- 
sortium, Beaverton, Ore., has been develop- 
ing generic pre-competitive technology— 
technology general enough to be jointly 
developed and shared by competing com- 
panies that differentiate their products at 
subsequent manufacturing stages. Projects 
include two National Institute of Standards 
and Technology programs valued together 
at $28 million: the development of high- 
density interconnects and panel-inspection 
systems; and the development of techniques 
for patterning flat-panel displays. 

The American Display Consortium is 
also the industry representative on the 
phosphor center's executive steering com- 
mittee. Consortium members include 
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aken together, the initiatives being 
: mounted in the United States to 
simultaneously spark a flat-panel 
display manufacturing industry and the 
infrastructure needed to support it are prov- 
ing remarkably effective, in spite of their 
relative infancy. For sure, the intensity of 
the debate might imply they are mammoth 
investments. Yet from an international 
viewpoint, the efforts are modest. Through 
late 1994, according to the United States 
Display Consortium, Japan's publicly an- 
nounced production investment in flat-pan- 
el displays was US $4.9 billion, Korea's $2.0 
billion, and Europe's $300 million. The U.S. 
outlay was only $200 million. 

In Japan, the world flat-panel leader, the 
Ministry of International Trade and Indus- 
try (the Government's main arm for devel- 
oping competitiveness) does not now have 
any major programs supporting FPD tech- 


sists primarily of LCDs, was 95 percent in 
1994, clearly, the industry has become large 
enough that one could reasonably expect it 
to be self-funding. 

Given the investment being made in 
Korea and elsewhere, it is obvious that 
Japanese companies cannot maintain this 
market share, but how much erosion will 
Japan tolerate? Speaking last year at the 
4th Annual Fine Process Technology 
Japan Conference in Tokyo, Tsuyoshi 
Kawanishi from Toshiba Corp., Tokyo, 
observed that LCDs will be even more 
important in the future. According to 
conference attendee William Bohannon 
of Manx Research, Escondido, Calif., 
some believe that Japan will always retain 
more than an 80 percent market share. 

Matsushita's Masahiro Kosaka does not 
foresee any significant reduction in market 
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share through the end of the decade. Al- 
though the company does not estimate 
Japan's market for the longer run, another 
senior person stated that, while Japan's mar- 
ket share would necessarily decrease (al- 
though probably not to as little as 80 per- 
cent), the innovative, high-margin products 
would continue to come from Japan. 


Elsewhere out East 

cross the Sea of Japan, Korea is 
intent on making its mark in dis- 
MAplays. Government aid is avail- 
able, a multi-company project and a mul- 
ti-company research organization have 
been set up, and more Koreans attend 
international symposia. 

Most LCD production is currently in the 
older twisted-nematic and supertwisted- 
nematic types, but a thin-film transistor 
production line began operation just last 
year. Total 1994 sales of all types were 
about $150 million. Goldstar Electronics 
Co. and Samsung Electronics Co. expect to 
start producing thin-film transistor LCDs in 
1995, followed by Orion, Korea Elec- 
tronics, and Hyundai Electronics, accord- 
ing to Koreas Ministry of Trade, Industry 
and Energy as well as Myung-Hwan Oh, a 
professor at the Korea Institute of Science 
and Technology, and Sungkyoo Lim, an 
associate professor at Dankook University. 
The Korea Semiconductor Industry As- 
sociation expects LCD production to hit $1 
billion by 1997. That would be an estimat- 
ed 8 or 9 percent of the world market— 
impressive in light of Japanese producers’ 
95 percent of today's market. 

Industry and government have invested 
$700 million in building the factories that 
will produce those LCDs. As yet, no pro- 
duction plans for other flat-panel display 
technologies exist, but Samsung is pursu- 
ing joint development with Japan on plas- 
ma display panels, and Orion is pursuing 
plasma panel development with Russia. 

The Korean ministries of Trade, In- 
dustry, and Energy; of Information and 
Communication; and of Science and 
Technology each have programs that 
make government loans available to ap- 
proved projects at annual percentage rates 
of about 6.5—8 percent, up to a limit of 10 
percent of the projected investment. At 
the R&D level, the Korean government has 
made a $20 million loan to a project for 
developing wide cathode-ray tubes (16:9 
aspect ratio) with 16- to 36-inch diagonals. 
The companies involved include Gold- 
star, Korea Electronic Glass, Orion, Sam- 
sung, and Samsung Corning. 

A multifaceted LCD project involving 14 
companies has received a contribution of $6 
million and a low-interest loan of $6 million. 

The Electronic Display Industrial Re- 
search Association of Korea was set up in 
1990 to represent display industries and 
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A Workers at Sharp Corp.’s Camas, Wash.., facility assemble highly integrated active-matrix flat- 


panel displays. Japan’s display manufacturers are now able to fund such facilities without gov- 
ernment aid, and are investing heavily to ensure future competitiveness. 


jointly develop technology and standards; 
28 companies are now affiliated. 

Korea has established an international 
cooperation policy, too. One element is a 
commitment to contribute more to world- 
wide display organizations, including the 
development of exchange programs and 
entering into joint and mutually beneficial 
R&D efforts. The policy recognizes Korea's 
position in the global display market. As 
the Ministry of Trade, Industry, and Energy 
sees it, Korea is strong in conventional pro- 
duction (with a global CRT market share 
of 25 percent), but is relatively weak in the 
development of new technology. 

For their part, Taiwan companies pro- 
duce more than half of the world’s supply 
of computer monitors and a substantial 
number of notebook computers—nearly 
1.3 million units in 1993. 

Picvue Electronics Ltd. currently oper- 
ates a production line of supertwisted- 
nematic LCD modules that are intended 
for hand-held games, word processors, 
and notebook computers. Nan Ya Plastic 
Corp. established a pilot line last year and 
will begin mass production by the end of 
this. The final targets of both companies 
are 10-inch VGA modules. Chunghwa 
Picture Tubes Ltd. finished construction 
of a supertwisted-nematic LCD pilot line 
in the first half of last year and has signed 
a cooperative agreement with Toshiba for 
the mass production of 10-inch super- 
twisted-nematic VGA LCDs. 

Unipac Optoelectronics Inc. started 
producing thin-film transistor LCDs last 
year. Prime View International started 
construction of a high-volume thin-film 
transistor LCD plant in June 1994. Both 
companies intend to produce 10-inch- 
class color thin-film transistor LCDs. 

Taiwan is strongly motivated to devel- 


op a respectable LCD manufacturing 
capability. [Our] dependency [on Japan 
for LCD modules] caused a crisis in the 
industry when LCD module supplies ran 
short from Japan during the first half of 
1992. In 1993, even though a total order 
[for] 1350 thousand notebooks was re- 
ceived, the Taiwanese manufacturers were 
not able to produce that much due to the 
shortage in LCD supply. The establish- 
ment of a local LCD industry is therefore 
indispensable for the Taiwan computer 
industry," said David C. Hsing of Taiwan's 
Industrial Technology Research Institute 
in prepared comments presented by H. Y. 
Jim) Chen at this January's Display 
Manufacturing Technology Conference. 
Jim Chen is senior consultant in the de- 
sign department of Chunghwa Picture 
Tubes’ R&D Center and was the first pres- 
ident of the SID's Taiwan Chapter. 

"While the size of LCD industry is rel- 
atively small right now,” Hsing'’s com- 
ments continued, “the Taiwanese comput- 
er manufacturers believe that LCDs will 
play as the key to the Republic of China's 
future growth in the information industry. 
Public and private sector organizations 
are working together in cultivating funda- 
mental LCD technologies, and are aware 
of the distance needed to be traveled 
before a solidly-built LCD industry can 
be achieved." Added Chen, “The govern- 
ment tries to help, but what it is able to 
offer is nothing like Japan.” 


Activity in Europe 

In the European Union (known as the 
European Community through November 
1993), the European Information Technol- 
ogies Program (Esprit) is a sector of the 
European Research and Technology De- 
velopment Framework Program (FWP). 
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Of the $16 billion budgeted under the 
fourth framework program (which runs 
from 1994 to 1998), $128 million is ear- 
marked for display projects, according to 
sector head John Tsalas. 

The lion's share—$108 million—funds 
a cluster of four tightly linked active-matrix 
LCD projects. Participants are the Flat- 
Panel Display Consortium (Philips, Merck, 
Sagem, and Thomson), 17 industries, 2 in- 
stitutes, and 3 universities—all in 6 of the 
European Union countries. The main site of 
activity ("exploitation” in Esprit lingo) is 
the FPD Consortium’s facilities in Eindhov- 
en, the Netherlands. Main topics are mate- 
rials, processes, manufacturing, equipment, 
standards, and application demonstrators. 

As for the rest of the $128 million, the 
sum of $10 million is going to a two-year 
FED display project concluding by the 
end of this year. Participants are 10 indus- 
tries and 2 institutes in 6 European Union 
members. Main exploitation is at the facil- 
ities of Pixel International SA, Mont- 
pellier, France. Finally, another $10 million 
is going to a two-year ferroelectric liquid- 
crystal display project, which is also 
scheduled to conclude by the end of this 
year. Participants are 5 industries and 2 
universities in 4 countries of the European 


Union. Main exploitation is at General 
Electric facilities in the UK. Esprit is fund- 
ing half the cost of all these projects. 


In the balance 

Andras I. Lakatos, president of SID, 
notes that the total of U.S. government 
and cooperative programs amounts to one 
seventh of Korea's investment, which is 
intended to capture less than 10 percent 
of the world LCD market. That raises the 
question of whether the current level of 
ULS. investment is adequate to earn the 
country the 15-percent market share tar- 
geted by the Department of Commerce. 

U.S. optimists look at the Sematech 
organization and its role in reviving the 
U.S. semiconductor industry; the ability 
of Planar Systems to compete head to 
head with Sharp in the electrolumines- 
cent arena; the world-class innovations in 
flat-panel technology from the likes of 
Planar Systems, Xerox, Motif, Kopin, and 
SI Diamond, the high-level interest of 
large companies such as AT&T and IBM, 
and the success of some small U.S. com- 
panies in developing front-line equipment 
for Asian, as well as U.S., customers. 

The optimists also point to the habits of 
US. investors, and emphasize the ULS. 


style is to kick-start an industry with rela- 
tively small investments. Once the engine 
starts turning, it will demonstrate its abil- 
ities and generate continuing investment 
from more traditional sources. Witness 
(they say) the enthusiasm already aroused 
by the existing programs and consortia. 

By the time you read this, senior repre- 
sentatives of the display community will 
have come en masse to Washington, D.C., 
to tell their story to a sympathetic admin- 
istration, a perhaps hostile House of Re- 
presentatives, and a Senate whose leanings 
had not been well probed as this article 
was completed. The display community is 
hoping that Congressional opposition is a 
transient historical anomaly. 

The programs, after all, are pro-business, 
and many small businesses are benefiting. 
They also have strong implications for U.S. 
trade, and they are strongly supported— 
many were initiated—by DOD. The agen- 
cy regards them as the best (perhaps only) 
way to ensure the U.S. military has early 
access to the most advanced display tech- 
nology at a far lower cost than traditional 
procurement methods would allow. 

Can Congress rebuff these appeals? 
That will surely be another topic of con- 
versation in Orlando. Sd 


Key U.S. flat-panel display organizations 


Name Contact 


(ADC) 


Information Components 
Manufacturing (NCAICM) 


Phosphor Technology Center of 
Excellence (PTCOE) 





Semiconductor Equipment and 
Materials International (SEMI) 
North American Flat Panel 
Display Division 









Society for Information Display 
(SID) 


United States Display 
Consortium (USDC) 





American Display Consortium Christopher N. King, 


chairman 


Christopher J. Summers, 
laboratory director 


Robin Hahn, 
manager of North 
American Programs 


Lauren Kinsey, 
executive director 


M. Robert Pinnel, 
chief technical officer 


C/o Planar Systems Inc. 
1400 N.W. Compton Dr. 
Beaverton, OR 97006 


Center for Display Technology & | Michael E. Elta, University of Michigan 
Manufacturing executive director 2360 Bonisteel Blvd. 


National Center for Advanced James L. Jorgensen, 


director of NCAICM 


Materials Laboratory 





Atlanta, GA 30332-0861 


Ann Arbor, MI 48109-2108 


Sandia National Laboratories 
M/S 0954, Department 2903 
Albuquerque, NM 87185-0954 


Georgia Tech Research Institute 
Georgia Institute of Technology 
Electro-Optics, Environment, and 





phone: 503- 690-1100; 
fax: 503-690-1244; 
e-mail: chris_king@planar.com 










phone: 313-763-0393; 
fax: 313-936-0347; 
e-mail: elta@umich.edu 









phone: 505-844-1023; 
fax: 505-844-5422 
e-mail: jljorge@sandia.gov 





phone: 404-894-3420; 
fax: 404-894-5073 


Quantum Microstructures Branch 





805 East Middlefield Rd. 





Santa Ana, CA 92705-5421 


San Jose, CA 95113 





Mountain View, CA 94043-4080 


1526 Brookhollow Dr., Suite 82 


50 West San Fernando, Suite 920 


phone: 415-940-6972; 
fax: 415-940-7916; 
e-mail: Rhahn@semi.org 





phone: 714-545-1526; 
fax: 714-545-1547; 
e-mail: 
socforinfodisplay@mcimail.com 
home page: 
http://www.display.org/sid 









phone: 408-277-2400; 
fax: 408-277-2490; 
e-mail: !'USDC@attmail.com 





WERNER — U.S. DISPLAY INDUSTRY 


69 











AS THE TWENTY-FIRST 
CENTURY 
APPROACHES, THE 
TECHNOLOGIES OF 
ELECTRICAL 
ENGINEERING, 
ELECTRONICS, AND 
COMPUTING ARE 
REDEFINING AND 
REDESIGNING OUR 
WORLD. THE 92 
QUALITY JOURNALS 
AND MAGAZINES IN 
IEEE’S PACKAGE IS 
THE CORE COLLECTION 
IN THESE FIELDS FOR 
LIBRARIES. AS CERTI- 
FIED BY THE 1992 
JOURNAL CITATION 
REPORT OF ISI (THE 
MOST RECENT EDITION) 
IEEE PERIODICALS 
REMAIN THE MOST- 
CITED PERIODICALS 
IN THEIR RESPECTIVE 


FIELDS. 





LL-SOGIETY 
RIODICALS PACKAG 


WHERE TECHNOLOGY IS EXPLODING TO SERVE MANKIND 


INTROODT 


Our All-Society Periodicals Package Brings You These Major Benefits: 
> CORE COLLECTION IN THE FIELD 


IEEE periodicals cover every aspect of electrical engineering, elec- 
tronics and computing completely and authoritatively. By subscribing 
to the All-Society Periodicals Package, you'll maintain the core col- 
lection of your library by receiving the major work in the field. 


p> GET OveR 1/3 FREE 


The 1995 Package costs $11,995 for our 92 top periodicals. If you sub- 
scribed to each one individually, you'd pay $20,106. That's a savings 
of $8,111 or over one-third! 


> FREE 1995 INDEX 
With our All-Society Package you'll get the new 1995 two-volume 
Index to IEEE Publications — a value of over $500 — free. 
SUBSCRIBE TO THE 
IEEE PACKAGE... 
AND GET OVER 


1/3 OF THEM FREE! 


For a free brochure or to order 
call toll-free in the U.S.: 


1-800-701-IEEE 


(1-908-981-0060 outside the U.S.) 


or fax: 


1-908-981-9667 


THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC. 
445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331 U.S.A. 











Organizations seeking engineers and 
scientists describe their various openings 
in the following advertising section 


In order to conform to the Age Discrimination in 
Employment Act and to discourage age discrimination, 
IEEE may reject any advertisement containing any of 
these phrases or similar ones, “recent college grads,” 
“1-4 years maximum experience,” “up to 5 years experi- 
ence,” or “10 years maximum experience.” IEEE reserves 
the right to append to any advertisement, without 
specific notice to the advertiser, “Experience ranges are 
suggested minimum requirements, not maximums.” IEEE 
assumes that, since advertisers have been notified of this 
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policy in advance, they agree that any experience 
requirements, whether stated as ranges or otherwise, 
will be construed by the reader as minimum require- 
ments only. While IEEE does not ban the use of the 
term “entry level,” its use is discouraged since, to 
some, it connotes an age rather than an experience 
designation. IEEE accepts employment advertising to 
apprise its members of opportunities. Interested par- 
ties should be aware that the political and humanistic 
values of certain advertisers may differ from their own. 
IEEE encourages employers to offer salaries that are 
competitive, but occasionally a salary may be offered 
that is significantly below currently acceptable levels. 
In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 





212-705-7760 
New York 


508-255-4014 


Boston Chicago San Francisco 





708-446-1444 415-386-5202 310-649-3800 
Los Angeles 


To place an advertisement in Spectrum’s Employment Opportunities section, 
contact the nearest Spectrum sales office 


404-256-3800 214-553-9896 
Atlanta Dallas 


303-670-3749 
Denver 


For production/mechanical information contact Martin Barbieri Advertising Production Manager, 908-562-6334 


IEEE Spectrum Advertising Dept., 345 E. 47th St., New York, N.Y. 10017 
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Compact Software is creating new and exciting RF & Microwave CAE tool 





quency Design Team ... 


s for the high-frequency design industry. If you would like to be part of a 


growing team providing technologies used in the advancement of telecommunication systems worldwide, consider the opportunities at Compact 
Software. We are located in the NY/NJ metropolitan area with easy access to both NY city and rural areas of NY state, NJ, and PA. 


Program Managers Positions: PM 


Challenging and rewarding program manager positions exist for 
experienced managers with a proven microwave hardware or software 
background from industry or government. These program managers 
will manage and direct contracted program activities for microwave and 
millimeter-wave CAE R&D while developing working relationships with 
sponsoring bodies in industry and government. 


Software Engineers Positions: SE 


Growth positions exist for highly skilled software engineers to develop 
tool interfaces for RF & microwave circuit simulators, schematic and 
layout design capture, and scientific visualization tools in the Motif and 
Windows programming environments. C and C++ are highly utilized. A 
BSCS with a min. of 1 year experience in GUI programming or related 
programming activities is required. An EE background is desired. 


RF & Microwave Application Engineers Positions: AE 


Exciting opportunities exist for experienced design engineers to provide 
customer support, seminars and demonstrations to the RF & 
microwave community worldwide. As your expertise grows, you will 
become an integral part of the CAE tool specification team and 
participate in the complete tool life cycle. A BSEE and a minimum of 2 
years experience in high-frequency circuit design and use of CAD tools 
is required. 
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RF & Microwave CAE & Modeling Engineers Positions: ME 
Career-building positions exist for research engineers to develop 
methods and models for state-of-the-art circuit simulation software. 
Positions include work in frequency and time-domain simulation 
techniques, passive modeling, and nonlinear transistor modeling (GaAs 
HEMT, MESFET and HBT). Requires knowledge of appropriate high 
frequency circuit modeling methods and min. 1 year experience with C 
and/or FORTRAN. A Ph.D. or M.S. in E.E. is required and a microwave 
design background is desirable. 


Interested? 


Send your resume to: _ (please indicate position desired) 


Compact Software, Inc., Attn.: Merle Chandler, Executive 
Secretary, 201 McLean Bivd., Paterson, NJ, 07504. 


(201) 881-1200 
(201) 881-8361 FAX 


email: merle@comsoft.com 
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A Tradition Of Excellence * A History Of Innovation 


Optical Communication 
Network Researcher 


You will be part of a team developing optical and 
electro-optical systems for optical communication 
in free-space and fiber optic environments. 
Communication data rates range from 10’s of 
Mbps to 10’s of Gbps in systems both currently 
operational and utilizing innovative approaches. 
You will be working at interface between high 
bandwidth RF and digital circuitry and optical 
devices. Publication of results expected. 
Requirements include a PhD in Electrical 
Engineering or related area of Physics as well as 
hardware experience including understanding of 
modulators, lasers, detectors and other 
components. 


High-Speed 
Digital Designer 


You will be expected to perform advanced high- 
speed ASIC design within a team developing high- 
speed digital communication systems and 
specialized processing systems. System data rates 
range from 10’s of Mbps to 10’s of Gbps. Experience 
designing and building digital systems is required. 
MS or PhD in Electrical Engineering and a 
minimum of 3 years’ experience is essential. 
Familiarity with communication networks principles 


Communication Network 
Architects 


As a member of the technical staff, you will provide 
architectural guidance for advanced optical, 
wireless, and RF communication networks. You will 
interact with device technologists, digital designers, 
and software developers. Publication and research 
are expected. Requirements include PhD in 
Electrical Engineering or equivalent practical 
experience and familiarity with principles of digital 
communication theory. 


RF Systems Designer 


This person will be part of a team developing 
advanced communication systems -- optical, 
wireless and RF. You will design RF engineering 
and specialized analog and high-speed digital 
systems. Requirements include MS or PhD in 
Electrical Engineering and at least 3 years’ 
experience designing and building RF systems. 





Interested candidates are invited to forward 
their resume and cover letter indicating 
position of interest to Rosemary E. Malvermi, 
MIT Lincoln Laboratory, Box 185/95, 244 
Wood Street, Lexington, MA 02173-9108. MIT 
Lincoln Laboratory is an equal opportunity 
employer, M/F/D/V. U.S. Citizenship required. 
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SOFTWARE ENGINEER 


Loral Vought Systems Corporation is a 
major manufacturer of missile, rocket and 
space systems. The success of several pro- 
grams has created exciting opportunities 
for entry-level and experienced engineers. 


As software engineers at Loral Vought 
Systems, the successful candidates will 
develop real-time embedded software for 
guidance, navigation, weapon delivery, 
fire control, command control and com- 
munications, and other real-time weapons 
systems applications. A BS or MS degree 
in Computer Science, Engineering or Math 
and up to 7 years’ experience in software 
design, code, test and documentation using 
Ada and DOD-STD-2167A is required. 
Familiarity with object-oriented method- 
ologies or other software development 
technologies, Teamwork, ObjectMaker, 
FrameMaker or other CASE tools is 
highly desirable. 


Loral Vought Systems offers a competitive 
compensation package that includes relo- 
cation assistance, a 9/80 work schedule 
with every other Friday off, and the option 
to purchase up to an additional week of 
vacation. Qualified candidates may be 
subject to security investigation for 
obtaining a DoD clearance and must meet 
U.S. Citizenship requirements. Please send 
resume to: Loral Vought Systems, P.O. 
Box 650003, M/S LHR-PE, Dept. 
IEEE595, Dallas, Texas 75265-0003. 
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and cperations desirable. 








An Equal Opportunity Employer 








Vought Systems 
a 








GEORGIA TECH RESEARCH INSTITUTE 


LABORATORY DIRECTOR 


ELECTRO-OPTICS, ENVIRONMENT, 
AND MATERIALS LABORATORY (EOEML) 
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ELECTRONICS R&D ENGINEERS 


Q-DOT is a small, fast-growing R&D firm developing innovative 
data acquisition, signal processing and communication systems. 
Data acquisition programs include high speed (>5 Gs/s), low power 
(<lmW), and cryogenic designs. Signal processing systems target 
imagers/detectors, on-chip focal-plane processors, and large time- 
bandwidth equalizers for communications and medical applications. 
Communication programs include DDS systems and novel filters. 
Q-DOT has experienced substantial growth, and recent awards have 
again expanded our need for qualified designers eager to challenge 
and expand the state-of-the-art in signal processing products for new 
commercial markets. We have several positions currently open, with 
qualifications ranging from B.S.E.E. plus three years through 
M.S.E.E/Ph.D plus 3 years or better. 


ANALOG IC DESIGN ENGINEERS will possess a B.S./M.S. 
E.E. plus two to five years’ experience or better. You’ll develop cus- 
tom CCD/CMOS analog and mixed-mode signal-processing circuits 
from the device level up. A good grasp of device and circuit funda- 
mentals is essential. Familiarity with Spice simulation and IC layout 
are also required. Analog/digital signal processing expertise is highly 
desirable.Test experience, RF/communications background a plus. 


d he Georgia Tech Research Institute (GTRI) is seeking a Director for 

one of its eight laboratory units. An individual is sought who can pro- 
vide dynamic and creative leadership to a large diversified research orga- 
nization in fulfilling its objectives in the areas of research, development, 
technical assistance and outreach, and technology transfer in a broad 
range of disciplines. 


As a major, applied research component of the Georgia Institute of Tech- 
nology, GTRI operates a $100 million a year program of analytical and 
experimental research in broad areas including aerospace, electronics, 
electromagnetics, materials, physical and chemical sciences, sensors, 
and transportation. The Electro-Optics, Environment, and Materials Labo- 
ratory (EOEML), with a staff of over 275 research, support, and student 
employees, performs research in (1) analysis, simulation, and testing of 
military and industrial electro-optical systems; (2) development of high- 
temperature materials, photonic materials, polymers and coatings, zeo- 
lites, and catalysts; (3) basic research in chemistry and atmospheric sci- 
ences; (4) research training, technical assistance, and technology transfer 
in environmental science, occupational safety and health, and manufac- 
turing operations; (5) research, design, and development of opto-elec- 
tronic devices, components, and systems; (6) and applied research in 
geographical information systems. EOEML’s large and diverse research 
base includes both industrial and Government sponsors. 


Candidates for the EOEML Director’s position should have a Bachelor’s 
or Master’s degree in Engineering, Physics, Math, Science,or related 
field; a Ph. D is preferred. Ten or more years of experience in a leadership 
capacity with a specific technology orientation is essential, as well as a 
proven track record in contract development in industry, university or Gov- 
ernment, and experience in the management of projects and services that 
promote new research thrusts and development of new markets. Candidates 
should possess a broad range of management skills in service, strategic 
planning, finance, and team building. The Candidate selected will be sub- 
ject to a Government security investigation and must meet eligibility re- 
quirements for access to classified information. Experience in a university 
research environment is a plus. 


Resumes should be sent to: Chairman, Search Committee EOEML, 
Personnel Support Team, Georgia Institute of Technology, Georgia Tech 
Research Institute, 400 10th Street, Atlanta, GA 30332-0800. Georgia 
Tech is an Equal Opportunity Affirmative Action Employer. 


Georgia Tech 


We offer an attractive salary and excellent benefits, including prof- 
it sharing and the opportunity to own stock. If you are seeking a 
challenging position with room to grow, send your resume to: 


Professional Recruiting 
Q-DOT, Inc. 

1069 Elkton Drive 

Colorado Springs, CO 80907 


Q:DOT.~ An equal opportunity employer M/F/D/V. U.S. Citizenship required. 








Writers 
of Reality 


“Tt is impossible to dissociate language from science or science 
from language...To call forth a concept a word is needed; to portray 
a phenomena, a concept is needed. All three mirror one and the 
same reality.” 

-Antoine Laurent Lavoisier, 1743-1794, 
Traite Elementaire de Chimie [1789] 


When you close your eyes and imagine how the Information Age 

will develop, do you see yourself influencing its creation? At GI 
Communications, a division of General Instrument Corporation, we've 
already acted on the future with our Jerrold® and VideoCipher® brand 
equipment for the cable, RF, fiber optic, satellite TV encryption and 
broadband digital compression markets. GI Communications is 
paving the way for the Information Superhighway. Now. 


If you want to shape tomorrow’s reality in an environment where 
innovation is a way of life, consider one of the following positions: 


ATM R&D Engineer (Senior Engineer or Staff Engineer) 
Communication specialist with an in-depth knowledge of ATM networks, 
AAL design and MPEG-2 adaptation issues. MSEE (PhD preferred). 


System Engineer (Staff Engineer or Senior Staff Engineer) 
Broadband telecommunication network system design, prototyping, 
integration, and testing, including SONET, ATM, AAL, MPEG-2, 0.2931 
signaling, and B-ISDN/ATM standard. Project leading and 
hardware/ASIC experience, and network protocol knowledge. 

MS or PhD. 


Software Engineer (Senior Engineer or Staff Engineer) 
Broadband communication network protocol firmware and software 
design and implementation using C, Assembly, and DSPs; RISC processor 
writing real time software and microcode; familiarity with TMS320, 
Motorola 68xxx series and various Microprocessors. ATM, SONET, AAL, 
and TCP/TP knowledge. BS or MS. 


Hardware/ASIC Designer (Senior Engineer or Staff Engineer) 
Hardware/ASIC design experience using SONET/ATM protocols, and IC 
and board level specification, design, implementation and verification. 
Familiarity with XILINX or ACTEL FPGA, and VLSI design tools. BS or MS. 


RF Circuit Designer (Project Engineer) 

Senior position, linear and non-linear RF circuit design experience. 
Knowledge of one of the major RF CAD packages, basic commercial 
components, and fiber optic components and laser diode dynamics 
preferred. Minimum 7 years’ experience. BSEE (MSEE preferred). 


Fiber Optics Communications Engineer (Senior Engineer) 
Experience designing RF circuits, hands-on design with laser diodes 
and external modulators, and one of the major RF CAD packages. A 
general understanding of limitations of real fiber optic communication 
systems. Laboratory skills. Minimum 3-4 years’ experience. BSEE 
(MSEE preferred). 


Fiber Optics Component Design Engineer (Senior Engineer) 
Experience designing optical amplifiers and WDM systems for 
development of EDFA and/or PDFA optical amplifiers for CATV 
broadband video applications; knowledge of doped fiber, WDM 
components, pump laser reliability issues, and optimization of 
amplifier parameters. Minimum 3 years’ industrial experience. 
BSEE and MSEE. 


Here’s How To Apply. 

General Instrument offers employees competitive salaries and 
comprehensive benefits in an attractive suburb of Philadelphia. 

Send your resume to: Caesar DiSiro, Human Resources Department, 

GI Communications Division, General Instrument Corporation, P.0. Box 
668, Hatboro, PA 19040-0668. An equal opportunity employer. 


Gi) General Instrument 





Transducer Design Engineer 


In the area of ultrasound imaging, Hewlett-Packard’s 
sophisticated systems address medical applications that 
encompass cardiovascular, radiological, peripheral vascular, 
and transesophogeal echocardiography. Using the most 
advanced technology, our engineers work in a uniquely 
supportive, team environment that emphasizes customer 
satisfaction, professional achievement, and career growth. 


Hewlett-Packard’s Imaging Systems Division in Andover, 
Massachusetts has a challenging opportunity to design next 
. : . generation ultrasound transducers for medical imaging 
Talk Doe pore in the palm of applications. We are looking for a talented individual to work 
your hand! For more than 70 years, Shure with an interdisciplinary team to redefine new transducer 
products have been part of history in the technologies from initial concept through release to 
making. From the space shuttle to the manufacturing. Responsibilities include transducer array — 
Super Bowl, great performances demand design, fabrication, testing, and integration with the imaging 
th a6 h ae F alit fa a ain ae sae system. Candidates must have a BS/EE, Physics, Materials 
Soest y: 3 ene Science, or Acoustics, MS or Ph.D. preferred, and at least 1 
And creating that capability demands the year of experience in piezoelectric transducer research and 
highest quality engineering talent. We development, with 5 years preferred. A strong hands-on 
currently have excellent opportunities for background in transducer bpreng Oe and a ae oo 
sngi ; he understanding of electroacoustic devices would be useful, 
Snguipcts seeking he renOve es while experience with other types of transducers such as 
SAWs would be welcome. 


DSP SOFTWARE ENGINEERS Tete ieegeroad growth ont erakad 


development. 


of our continued success. 


Utilize your skills to assist in the develop- 
ment of new product definitions and Caiiates ee — ies ee bi oa | 

‘cations: amness, , Job Reference , Hewlett- 
epee Packard, 3000 Minuteman Road, Andover, MA 01810. 
Principals only, please. 


simulate software algorithms for audio 
processing building blocks and implement 
them into real-time code; and conduct tests 
to verify and improve software programs. 


Requirements include an MSEE or MSCE, @ | H EWLETT 


PACKARD 


Hewlett-Packard is an equal opportunity/affirmative action employer. 


experience with DSP code development, 
general structured programming skills 
using C or C++ programming language and 
assembly coding experience. The ability 
to understand concepts of a technical and 
mathematical nature and translate them 


DSP coring is essential. DEPT. DSP. 
AF DEVELOPMENT ENGINEERS f F | ] l f t 


for witclee microphones and elated A COMPREHENSIVE FOUNDATION 
RF systems. : ; ein a 
Requirsindnts iicinde’s BSRE Gr MMSEE SION AEA MICROM IRIN COLUM cL) 


and at least 2 years of experience in radio Research iba : ; 

frequency circuit design. Familiarity with Co-published with Macmillan and IEEE Computer Society Press 
antenna, audio and digital circuitry is 
preferred, but not required. DEPT. RF. 


eee cc ccc cc cece ccc reece ce seeeeeeseeeesecsesesee sess eee 


Written from an engineering perspective, NEURAL NETWORKS pro- 
ACOUSTIC DEVELOPMENT vides a comprehensive, up-to-the minute treatment of the field, com- 

plete with incisive examples, challenging problems and computer-ori- 
ENGINEERS ented experiments. The material is presented in a clear and easy-to- 
understand style, with derivations as complete and simple as possible. 
Itintroduces common models and algorithms in a thorough and straight- 
forward manner and is filled with examples so that readers can see real 
applications of neural networks. 


The successful candidate has a Bachelor’s 
Degree in Electrical Engineering or Physics 
and a minimum of 2 years experience in 
the development of acoustic or electromag- 


netic transducers. DEPT. ADE. SP IEEE Member Price: $56.00 


We recognize talent with a highly competi- List Price: $69.95 
tive salary and outstanding benefits. Send/ IEEE Order No. PC4036-PDM =‘ ISBN 0-02-352761-7 


FAX resume, indicating Dept. code, to: 1994 Hardcover 720pp 
708/866-2279, Human Resources, Shure 


Brothers Inc., 222 Hartrey Ave., Evanston, 
TL. 60202, EOG-mif FOR era yy Po ee tod (IN USA) 


SHY , FAX 1-908-981-9667; PHONE 1-908-981-0060 
The Institute of Electrical and 


THE SOUND OF PROFESSIONALS...WORLDWIDE™ Z Electronics Engineers, Inc. 





COMMUNICATIONS 
SUPERIORITY 


We're CommQuest Technologies, Inc., a leading edge technology firm providing advanced wireless and satellite communications system solutions. 
Our state-of-the-art products provide cost-effective, highly integrated solutions to complex communication problems—solutions our commercial 
and government customers expect and depend upon. We are currently expanding our developments in cellular and PCS for domestic and inter- 
national voice and data applications, as well as staffing for new and expanded satellite communication projects. We are seeking a number of indi- 
viduals to add their talents to our software-and hardware engineering teams. If you are a high performer with an entrepreneurial spirit and are 
interested in working for an employee-owned company, CommQuest is the place to be. 


All positions require BSEE or higher degree, unless otherwise indicated. 


RFIC DESIGN ENGINEER 


This position requires 5+ years’ experience performing detailed RFIC 
and/or MMIC design for low power wireless applications at 
900MHz/1800MHZz; familiarity with all phases of RFIC design; experi- 
ence with design tools (such as CADENCE or MENTOR), and fabrication 
processes for high volume applications. Experience designing up/down 
converters, IF strips, frequency synthesizers, RF amplifiers, and under- 
standing of design issues including figure, third order intermodulation 
problems, phase noise, gain distribution, and isolation are musts. Code: 
RDIC. 


SOFTWARE ENGINEERS 


These positions require 5+ years’ experience in the development of 
Demand Assign Multiple Access (DAMA) software for satellite commu- 
nication applications and/or communication protocol software for 
wireless applications. Working knowledge of C++ and embedded sys- 
tem development experience required. Familiarity with DSP and com- 
munication theory a plus. Code: SWE. 


MICROCODE ENGINEERS 


Selected individuals will have 5+ years’ experience in the development 
of microcode for low level hardware control and interface applications. 
Must be able to perform instruction set definition, state machine design, 
and timing analyses, and to develop hardware sequencing microcode to 
be embedded in an ASIC. Familiarity with DSP and communication the- 
ory preferred. BSEE required, MSEE preferred. Code: MIE. 


SENIOR DIGITAL DESIGN/ASIC 
DESIGN ENGINEERS 


This position requires 5+ years’ experience designing and implement- 
ing state-of-the-art ASIC based solutions for wireless communication 
applications. Working experience in digital signal processing and com- 
munications systems required. Knowledge of VHDL and ASIC design 
methodology preferred. Familiarity with Synopsys, Model Technology, 
IKOS Voyager, ORCAD and/or equivalent CAD tool experience is desir- 
able. Code: SDD. 


ASIC LAYOUT AND 
FABRICATION SPECIALIST 


This specialist must have 5+ years’ experience in performing layout and 
fabrication of high volume, low power ASIC applications. Applicant 
must have working experience with CAD tools such as MENTOR, COM- 
PASS, ASPEC, or equivalent tools and extensive knowledge of the full 
ASIC development process, including layout, scan, verification, wafer 
probe, packaging, and test for sub-micron CMOS high speed imple- 
mentations. Code: ALFS. 


PROJECT ENGINEER 


This professional will lead and manage multi-discipline (hardware, 
software, RE etc.) engineering teams through all phases of product 
development and transition to manufacturing. Individual must have 8+ 
years’ experience managing project teams of 10 or more engineers in 
the development of communication system products. Technical back- 
ground and experience in the development of commercially marketed 
communication system products required. Code: PE. 


SYSTEMS ENGINEERS 


Selected individuals will have demonstrated skills in channel modeling, 
algorithm design, fixed point processing effects, and simulation with 
respect to hardware and software implementation limitations. Must 
have experience with GMSK and PSK modulations and their perfor- 
mance in fading channels, tracking loop design, adaptive filters/equal- 
izers, filtering requirements, coding techniques, and TDMA and FDMA 
waveforms. MSEE or greater required. Code: SYE. 


RF DESIGN ENGINEER 


Selected candidate will have 5+ years’ recent experience performing 
detailed RE/radio circuit design for low cost commercial wireless appli- 
cations. Must have a good understanding of wireless radio architec- 
tures, modulation formats, currently available low cost RF discrete and 
integrated circuit components, and experience with RF design/simula- 
tion/analysis SW tools. Familiarity with SATCOM radio design require- 
ments is a plus. Code: REDE. 


We offer competitive wages and benefits, company equity, excellent tools and facilities. For immediate, confidential consideration, e-mail your 
resume to careers@cqt.com; fax to (619) 633-1677; or mail to Professional Staffing-IEEE, Code (see above) , CommQuest Technologies, Inc., 527 
Encinitas Blvd., Encinitas, CA 92024-3740. Equal Opportunity/Affirmative Action Employer M/F/D/V. 
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Air Force Base, Ohio; Gary Dale, 
WL/FIME, 2145 5th St., Suite 1, 
Wright-Patterson AFB, OH 


45433-7005, 513-255-6034, fax, 513- 


476-7652; e-mail, dalega@wIl.wpaft. 
af.mil. 


Power Engineering Society Summer 


Meeting (PE); July 23-27; Portland 
Hilton and Portland Marriott Hotels, 
Oregon; Glenn R. Meloy, 3660 S.W. 
Olson Court, Lake Oswego, OR 
97034; 503-638-7018. 


International Microwave and 
Optoelectronics Conference 
(MTT), July 24-27, Rio Palace 
Hotel, Rio de Janeiro, Brazil; Flavio 
J. V. Hasselmann, Rua Marquis de 
Sao Vicente, 225 22453—900 Rio de 








Janeiro, Brazil; (55+21) 529 9254 
or 9450; fax, (55+21) 294 5748. 


Vehicular Technology Conference— 


VTC (VT, Chicago Section); July 

26-28, Hyatt Regency Chicago 

O'Hare Hotel, Rosemont, Ill; 

Anthony Krueck, 8725 W. Higgins 

Rd., Suite 900, Chicago, IL 60631; 
312-399-5168, fax, 312-399-7325. | 


Vacuum Microelectronics Conference 








If you can imagine the 
technologies of the 
next century, imagine 
yourself working at 
Bose. Within our 
sophisticated research 
environment, you'll 
experience the inven- 
tiveness, commitment, 
and support that makes 
this a one-of-a-kind 
organization. At Bose, 
you'll have the freedom 
to set new standards 
with a company that's 
redefined performance 
and revolutionized an 
industry. But don't wait 
to contact us, because 
this is not just any 
opportunity - it's a 
Bose opportunity. 


Interested candidates, 
please forward resume 
to: Bose Corporation, 
The Mountain, 
MS13, 

Framingham, 

MA 01701. 

Fax: 508-820-4865. 


An Equal Opportunity 
Employer. 
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Technology. 


BOSE Technology. 


Experience The Commitment 


That Redefines The Word. 


Electrical Engineering Manager 
Take direct management responsibility for leading an electronic 
product development team charged with the development of 
cost effective, manufacturable consumer electronic products. 
Technical responsibilities include defining project development 
strategy and tasks, as well as providing the leadership that 
enables appropriate design decisions. Planning, scheduling, 
conducting, and coordinating development phases of electronic 
consumer product programs are also involved. Applicants must 
have a BSEE, 5 years’ experience managing electronic product 
development teams, and a successful track record of introduc- 
ing products into manufacturing. Design experience, preferably 
with high volume products, is required. Knowledge of analog, 
audio, RF, power supplies, microcontroller applications and an 
MSEE are preferred. 


Product Design Engineers 


Positions are available to investigate production yield and 
product field failure problems to root cause and implement 
corrective action. Acting as a consultant to new product design 
teams to ensure reliability growth is involved. Applicants must 
have a BSEE and 5 years’ analog circuit design and product 
development experience. 


Sr. Electrical Engineer 


Working within the advanced electronics development group, 
this individual will participate in the application of the latest 
technology supporting Bose Corporation’s future success. This 
group of OEM is charged with developing new product 
concepts incorporating RF, DSP and digital communication 
techniques. The initial focus of this position will be the 
refinement of existing signal processing algorithms and the 
evaluation of current system performance. Long term 
responsibilities include continuing the development of enhanced 
signal processing and advanced systems for future products. 
The ideal applicant will have an MSEE and a minimum of 5 
years’ experience developing and implementing communica- 
tions/signal processing algorithms on fixed-point programmable 
DSP chips. Familiarity with modern radio receiver architectures 
and circuitry is required. 


—LF MT 5 - * 


Better sound through research. 










(ED), July 30—Aug. 4; Portland 
Marriott Hotel, Oregon; Judith A. 
Sjoberg, Professional Association 
Management, 1201 Don Diego Ave., 
Santa Fe, NM 87501; 505-989-4735, 
fax, 505-989-1073. 


Intersociety Energy Conversion 
Engineering Conference (ED), July 
31—Aug. 4; Buena Vista Palace Hotel, 
Orlando, Fla.; D. Yogi Goswami, 
Solar Energy & Energy Conversion 
Laboratory, 220 MEB, University of 
Florida, Gainesville, FL 32611-2050 
904-392-0812; fax, 904-392-1071. 


Cornell Conference on Advanced 
Concepts in High Speed Semi- 
conductor Devices and Circuits 
(ED); Aug. 6-9; Cornell University, 
Ithaca, N. Y.; George N. Maracas, 
Department of Electrical Engineering, 
ERC-154, Arizona State University, 
Tempe, AZ 85287-5706; 602-965- 
2562; fax, 602-965-0775. 





International Conference on Intel- 
ligent Robots and Systems—IROS 
‘95 (IE, RA); Aug. 6-9; The Westin 
William Penn, Pittsburgh; K. Ikeuchi, 
School of Computer Science, 
Carnegie Mellon University, 5000 
Forbes Ave., Pittsburgh, PA 15213; 
412-268-6349, fax, 412-268-6704; 
e-mail, ki@cs.cmu.edu. 


International Workshop on Memory 
Technology, Design and Testing 
(C); Aug. 7-8; Hilton Hotel and 
Towers, San Jose, Calif.; Rochit 
Rajsuman, Department of Computer 
Engineering and Science, Case 
Western Reserve University, 
Cleveland, OH 44106; 216-368- 
5510, fax, 216-368-2801, e-mail, 
rajsuman@alpha.ces.cwru.edu. 


Summer Topical Meetings: Technologies 
for a Global Information Infra- 
structure (COM, LEO), Aug. 7-9; 

Flat Panel Display Technology 
Continued on p. 70E4 
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than the eye 


can see. 


Space and Communications Company (HSC), and if you could see 

our accomplishments you would see a proud legacy of technical 
achievement and growth that has placed more than 100 communications 
satellites into orbit around Earth. 


, Ou may not see us, but you can bet we're out there. We’re Hughes 


HSC currently has a variety of projects in both the government and 
commercial sectors, which affords individuals the opportunity to branch 
into exciting new technologies and broaden their skills. And, with a 
backlog of work resulting from major contract wins and the commercial 
popularity of our HS 601 communications satellite, HSC is poised to 
offer outstanding growth potential and future success in any of the 
following areas: 


SYSTEMS ENGINEERING (Job Code: A) 


Responsible for providing analysis, signal processing, waveform 
acquisition, interface and environmental definitions, design requirement 
definition and specification flowdown, system integration and test of the 
next generation of wireless telecommunication systems. Requires 2 
years of analog and digital experience and a BSEE or MSEE specializing 
in communications systems theory. 


MICROWAVE CIRCUIT DESIGN (Job Code: B) 


Working to develop the heart of the global telecommunications 
infrastructure, these individuals will utilize the latest CAE tools such 
as LIBRA, Ansof and SONNET to model and analyze circuit and 

unit designs from 100MHz to 20GHz. Breadboarding and test 
experience is essential. Satellite communications payload hardware 
design experience is preferred, specializing in amplifier, mixer, filter 
and oscillator design. Requires 2 years of experience and a BSEE. 


RECEIVER/SYNTHESIZER DESIGN (Job Code: C) 


These positions will work on microwave communications receiver/ 
synthesizer design for the world’s first direct-to-hand held phone system. 
Your experience in PLL, DDS, Spread Spectrum, VSAT and Modem 
design will aid you in leading a team of engineers to develop the next 
generation of wireless telecommunications systems. Individuals must 
be self-starters capable of taking a concept from development through 
production. Requires 5 years of experience and a BSEE. 


POWER SUPPLY DESIGN (Job Code: D) 


Responsible for new development on high-voltage power supplies for 
travelling wave tube amplifiers, very high efficiency low-voltage power 
supplies and similar products. Qualified individuals will have experi- 
ence with design reviews and interfacing with customers, subcontractors 
and suppliers; strong analysis skills; design for manufacturability and 
assembly skills; a strong background in components and their failure 
mechanisms; and proven failure and reliability analysis skills. Requires 
3 years of experience with high and low-voltage power supply design. 


DIGITAL COMMUNICATION SUBSYSTEM ENGINEERS 
(Job Code: E) 


These positions will develop unique, innovative DSP-based digital 
communication onboard processors using advanced technology. 

EHF communication system experience is desirable. Responsible for 
providing technical leadership, customer interface, requirement 
definition and flowdown, communication simulation/analysis, detailed 
design verification, and integration and test. Requires 6+ years of 
applicable experience and an MSEE in Digital Communication Theory, 
with emphasis in digital signal processing or equivalent. 


SATELLITE COMMUNICATION SYSTEMS ENGINEERS 
(Job Code: F) 


Responsible for performing system and payload architecture definition 
and design, including requirements development, flowdown and 
verification. Requires experience in preparing proposals and design 
reviews. Understanding of MIL-STD-1582 and 1810 waveforms or 
commercial communications and networking standards also beneficial. 
A BSEE or MSEE is desirable. 


LF. CIRCUIT AND ANALOG ASIC DESIGN ENGINEERS 
(Job Code: G) 


Individuals are responsible for requirement definition, architectural and 
detailed design, simulation, worst case analysis, design development 
and test. Qualified candidates will have 3 or more years of experience in 
LF. circuit and analog design (up to | GHz), using appropriate CAD tools. 
Experience with utilizing high-speed and performance analog to digital 
converter devices is very desirable; digital communication equipment 
design and low-level signal design experience is a plus. A BSEE or 
MSEE is preferred. 


DIGITAL CIRCUIT AND DIGITAL ASIC DESIGN ENGINEERS 
(Job Code: H) 


Individuals are responsible for requirement definition, architectural and 
detailed design, simulation, worst case analysis, design development 
and test. Digital circuit and digital ASIC design involves DSP arithmetic 
processor design. Qualified candidates will have 3 or more years of 
experience in digital circuit and digital ASIC design using appropriate 
CAD tools. Digital communication equipment design and a BSEE are 
very desirable. 


SATELLITE SYSTEM ARCHITECTS (Job Code: 1) 
COMMUNICATION SYSTEM ARCHITECTS (Job Code: J) 


Positions are responsible for developing the innovative concepts that 
will maintain our industry leadership into the next century. This 
involves evaluating customer needs and market opportunities, concept 
formulation, and top-level trade studies. 


Hughes offers expansive technical opportunities, 

a competitive benefits package, friendly climate, access 
to cultural and educational opportunities, and proximity 
to a world-class international airport. 


For immediate consideration, please send your resume indicating the 
appropriate Job Code to: Hughes Space and Communications 
Company, Staffing Dept., Job Code: __—=s—_—s, Dept. 124-1S-PW, 
Bldg. S10, MS S368, P.O. Box 92919, Los Angeles, CA 90009. 
FOR MOST POSITIONS, applicants selected will be subject to a security 
investigation and must meet eligibility requirements for access to 
classified information. Proof of U.S. Citizenship may be required for 
some positions. We are an Equal Opportunity Employer. 


HUGHES SPACE 
AND COMMUNICATIONS COMPANY 
HOSPITALITY EVENT 


oin us at our Hospitality Suite during the 1995 MTT Show in 
Orlando, FL and find out more about the above positions, 
as well as additional opportunities currently available at HSC: 


Wednesday, May 17 
5:30 - 8:00 P.M. 
Heritage Inn 
9861 International Dr. 
Orlando, FL 








Hughes Space and Communications Company 








calendar 
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(LEO), Aug. 7-9; ICs for New Age 
Lightwave Communications (LEO), 
Aug. 9-11; RF Optoelectronics 
(LEO), Aug. 9-11; Keystone Resort, 
Keystone, Colo.; Samantha Phillips, 
IEEE/LEOS, 445 Hoes Lane, Box 1331, 
Piscataway, NJ 08855-1331; 908-562- 
3894, fax, 908-562-8434. 


Autotestcon '95 (AES, IM, Atlanta 
Section); Aug. 7-10; The Inforum, 
Atlanta, Ga.; Michael Kelley, 
Lockheed Aeronautical Systems Co., 
Marietta, GA 30063-0232; 404-494- 
3844, fax, 404-494-6151. 


Non-Volatile Semiconductor Memory 
Workshop (ED); Aug. 13-16; Hyatt 
Monterey Hotel, California; Rustom Irani, 
WSI, 47280 Kato Rd., Fremont, CA 


94538, 510-498-1729, fax, 510-657-8495. 
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ENGINEERING 
OPPORTUNITIES 


Westinghouse is the leader of electrical energy technology. We are seeking Engineers to continue in 
our tradition of excellence, as we guide the world to brighter tomorrows. With an excellent reputation 
and forward-thinking approach, there's no limit to our opportunity. Join us at our Westinghouse Power 
Generation Headquarters in beautiful Orlando, Florida, in the following available positions: 


Various opportunities for entry level to senior level mechanical and electrical engineering 
positions exist within our Steam Turbine and Generator organizations: 


Mechanical Engineers 

Requirements include a BS in Mechanical Engineering, along with experience in steam turbine, 
generator or exciter design, service and/or project management. Responsibilities will include 
mechanical designs of turbines, generators and exciters; service and support to field engineers; 
project leadership for programs; and heat transfer, thermal analysis and field flow calculations. 


Electrical Engineers 

Requirements include a BS in Electrical Engineering, along with experience in steam turbine, generator 
or exciter design, service and/or project management. Responsibilities include electrical design of 
generators and exciters; service and support of field engineers; application engineering of steam 


turbines or generators and exciters; project leadership for related programs; application engineering 
for power electronic inverter based products; power electronic design and control system design. 


Materials Engineers 

Several opportunities currently exist in the Materials Engineering areas, including Metallurgical 
Engineers - Superalloys; High Temperature Coating Engineers - Thermal Barrier Coatings; Ceramic 
Engineers - Ceramic Mix Composins; Metallurgical Engineers - Ferritic and Acstenitic Alloys; and 
Electrical Insulation Engineers. Successful candidates should possess a minimum of 5 years of 
related experience, along with a familiarity with the manufacturing process, development, test and 
inspection techniques for power generation applications. An advanced degree and the demonstrated 
ability to plan and execute major developmental programs are preferred. 


Engineering Computer Methods Architect/Specialist 
Requirements include a BS in Mechanical Engineering/Computer Engineering or equivalent; 
experience with mechanical design practices or numerical computing methods; and knowledge of 
Modern Engineering Computer Systems, to include general purpose mechanical geometric design 
and analysis codes. A working knowledge of FORTRAN and C programming languages and the UNIX 
operating system also necessary. 


Strong computer skills will be considered a plus for any of the opportunities listed above. 


The contemporary Westinghouse working environment is one of challenge which inspires skilled 
professionals onto even greater personal achievement. You will also enjoy an attractive salary, 
commensurate with experience, and a comprehensive benefits program. Please respond with 
resume, salary history and position title to: WESTINGHOUSE ELECTRIC CORPORATION, 
Employment Department, 4400 Alafaya Trail, Orlando, FL 32826-2399. We are an Equal 
Opportunity Employer, M/F/D/V. 


Westinghouse 











International Symposium on Electro- 
magnetic Compatibility (EMC); Aug. 
14-18, Atlanta Marriott Marquis, 
Atlanta, Ga.; All About Meetings, 2301 
Artesia Blvd., Suite 12-101, Redondo 
Beach, CA 90278, 310-371-3438, fax, 
310-371-5268. 


International Conference on Solid 
State Devices and Materials (ED, 
Tokyo Section); Aug. 21-24; 
International House Osaka, Japan; 
SSDM '95 Secretariat, Business Center 
for Academic Societies Japan, 5-6-9 
Honkomagome, Bunkyo, Tokyo 113, 
Japan, (81+3) 5814 5800; 
fax, (8143) 5814 5823. 


Third International Conference on the 
Applications of Diamond Films and 
Related Materials (ED); Aug. 21-24; 
National Institute of Standards and 
Technology, Gaithersburg, Md.; Albert 
Feldman, NIST, A329 Materials Build- 
ing, Gaithersburg, MD 20899; 301- 
975-5740, fax, 301-990-8729. 


Asia Pacific Design Automation 
Conference (CAS); Aug. 29-Sept. 1; 
Nippon Convention Center, Makuhari, 
Japan; Tatsuo Ohtsuki, Department of 
Electronics and Communication 
Engineering, School of Science and 
Engineering, Waseda University, 3—4—1 
Okubo, Shinjuku-ku, Tokyo 169, Japan; 
(81+3) 3203 4141, e-mail, ohski@ 
jpwasoo. bitnet. 


International Symposium on 
Compound Semiconductors (ED); 
Aug. 29-Sept. 2; Shilla Hotel, Cheju 
Island, Korea; Yoon Soo Park, Office of 
Naval Research, 800 N. Quincy St., 
Arlington, VA 22217-5660; 703-696- 
5755, fax, 703-696-2611. 





International Conference on Simula- 
tion of Semiconductor Devices and 
Processes (ED); Sept. 6-8; Universi- 
ty of Erlangen-Nurnberg, Erlangen, 
Germany; Heiner Ryssel, Universitat 
Erlangen-Nurnberg, Lehrstuhl ftir 
Elektronische, Bauelemente, Cauerstr. 
6, D-91058, Erlangen, Germany; 
(49+91) 3185 8633; fax, (49+91) 
3185 8698. 


Petroleum and Chemical Industry 
Technical Conference—PCIC '95 
(IA, Denver Section); Sept. 10-14; 
Sheraton Denver Technical Center, 
Colorado; John Nelson, NEI Electric 
Power Engineering, Box 1265, Arvada, 
CO 80001, 303-431-7895; 
fax, 303-431-1836. 
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PASSIONATE DESIGNERS 
Unusual job-title isn’t it? Well it isn’t an actual job title; it = | G ] NY |= = Pe | | ej 


describes the type of conceptual thinkers this unique 
organization is looking for - people with a passion for 
design, a questioning approach and a sense of humor. If 
you are a lateral thinker with an open mind and not 
prepared to accept that any problem or concept is 
impossible then this major communications group is 
interested in you for any of its three R&D centers in North 
America. You will also need a Bachelors or advanced 
degree, and experience in graphics design principles, 
developing behavioral models and performance 
requirements, 3-D animation/graphics, object oriented 
design, X programming, GUI/Motif and Mac + PC 
experience are all advantageous. Finally, you need not have 
an Engineering degree, it could be Psychology, Cognitive 
Science, Human Factors, Business, etc., providing you 
have the qualities our client is seeking. 


ANALOG/RF/POWER SUPPLY DESIGNERS 


For an expanding Rocky Mountain company, the technical 
leader in high reliability plasma, ion and magnetron power 
processors for the semiconductor/thin film industries. 
They seek experienced engineers for analog design; design 
of RF generators, solid state amplifiers and matching 
networks; or in high power DC/low frequency AC output 
SMPS design (30kw-200kw range); or medium power DC 
SMPS design (300w-10kw range). Candidates require 
BS/MSEE and a minimum of 5 years relevant design 
experience, with strong analog or RF skills, knowledge of 
regulations (UL, VDE, CSA, etc.) and expertise in magnetic 
EMI and control loop designs. 


Se aA i ee aatihy 


This very successful division of a major US corporation, a 
world-leader in its field, seeks a range of 
Software/Algorithm Specialists/Developers for its state-of- 
the-art development center. All positions require BS/MS in 
any of EE, CS, Math or Physics, with at least 3 years 
experience in a relevant field and U.S. Citizenship. 






















We’re Siemens 
Medical Systems, Inc., 
Ultrasound Group. .. 


















































. . part of the world’s largest imaging company and the world headquarters for 
Siemens’ diagnostic ultrasound business. Located just east of Seattle, Washington 
at Siemens’ Ultrasound Group headquarters, positions are available in a variety of 
disciplines. To be a part of this unique engineering opportunity, match your exper- 
tise and team contributions with the following: 


Senior Transducer Engineer 


Develop new medical diagnostic ultrasound transducers including performance 
optimization. Design experiments and/or techniques to evaluate transducer fabrica- 
tion in terms of manufacturability and reliability, and to evaluate acoustic materials 
used in the acoustic stack. MS/PhD preferred in EE, Physics, or Material Science with 
3+ years medical ultrasound transducer related experience. S201 


Senior Acoustics Engineer 
Develop new medical diagnostic ultrasound transducers including performance 
optimization and image quality analysis based upon acoustics and systems parame- 
ters. Measure, simulate, specify, and analyze transducer performance including 
acoustic output parameters. MS/PhD preferred in EE, Physics with 3+ years medical 
ultrasound transducer or systems related experience. Medical image analysis expe- 
rience a plus. S202 






















































































We are also seeking employees to join our team in support of our Japanese partner, 
Matsushita Communication Industrial. If you have the following qualifications, espe- 
cially ultrasound imaging experience, we encourage you to apply: 


* Algorithm Developers - Imaging sensors, C, 
UNIX workstations. 

* Algorithm Specialists - ATR, SAR image data/signal 
processing, UNIX workstations, prototype coding. 

* Software Engineers - C, C++, UNIX, SSD/OOA, 
Linear algebra, statistics, math, X-windows, GUI. 

* Software Engineers — SW design, algorithm 
mapping, distributed systems. 

* SW/Systems Engineers - System/SW, SSD/OOD, 
RTM, CADRE, Interleaf, ICD's, ICWG’s, 2167A 

* Software Engineers - UNIX, C, C++, SSD/OOD, 
CADRE, Interleaf, 2167A 


Selected applicants will be subject to a government security 
investigation and must meet eligibility requirements for 
access to classified information. A current SSBI security 
ic had chai ath a Comply with all necessary regulatory/safety requirements efficiently; prepare all 
SRST necessary regulatory submissions or testing; and provide specifications for perfor- 
After the current round of FCC spectrum auctions this world- mance, features, controls and safety of clinical ultrasound products in design areas 
leading supplier of cellular/PCS systems will be poised to affected by international agency compliance standards. BS/MS in EE, Physics or 


provide the winners with a range of products for any of the uivalent; 5+ years systems engineering experience; experience in agency compli- 
new technologies - 1900MHz, GSM, CDMA, TDMA or ? if 2 bad, ¥ 9 eee P aoc p 


Ultrasound Systems Engineer 


Develop and present strategic product development plan; conceptualize new fea- 
tures and advanced ultrasound system architecture; develop functional requirement 
specification and system level specifications; perform system level performance 
testing and coordinate the corrective actions; analyze the performance deviations 
from specification and provide feedback to team engineers. BS/MS in EE, Physics or 
equivalent; 8+ years ultrasound systems engineering experience; and excellent writ- 
ten and verbal communication skills. Japanese language skills a plus. S177 


Regulatory Engineer 












you have a BSEE/CS and a background in Radio Systems ance debugging and testing in the medical device, electronics or related industry; 
Design, RF Hardware Design or DSP Design and don't and GMP/SO 9000 experience. Japanese language skills a plus. S176 

want to be limited to one technology or aligned to one ° 

carrier/one sector then this organization is for you. Analog Engineer 















Design low noise, high performance beam former; high voltage switching; low 
noise amplifier design. BSEE plus five years minimum analog hardware design 
experience required. Experience in the ultrasound field strongly preferred. 
Japanese language skills a plus. S198 


SOFTWARE ENGINEERS 


This world leader in two-way voice/data communications 
seeks to build on their outstanding reputation for 
product quality and reliability by recruiting graduate level 
Software Engineers with 1-3+ years C or C++ 
programming experience, to work in either Real-Time 
Embedded Software, including assembly languages and 
UNIX (PSOS operating systems + CASE Tools preferred); 
or Network Management (SNMP), with expertise in 
Relational Database (SQL), GUI (Motif), SSD and/or OOD in 
a UNIX environment. 












All positions require excellent communication skills and the ability to adapt quickly 
to change and work in a rapidly evolving environment. 







When you bring your abilities to Siemens, you'll enjoy competitive compensation 
and a comprehensive benefits package. For immediate consideration, please send 
your resume to: Siemens Medical Systems, Inc., Ultrasound Group, Human 
Resources, P.O. Box 7002, Issaquah, WA 98027-7002, fax no. (206) 392-4264. We are 
an Equal Opportunity Employer and value the diversity of our team members. 


















Send/fax your resume, with salary information, to: 


& 2TECH 4131 N. 24th Street 

Suite A116 
Recruitment Co. Phoenix, AZ 85016 
Call (602) 955-8080 or Fax (602) 955-9639 


Siemens Medical Systems, Inc. 
Ultrasound Group 











€ = COMSEARCH 


COMSEARCH is a leading provider of consulting, engineering and software services to the 
wireless telecommunications industry. With more than 25 years of experience, Comsearch 
possesses unparalleled knowledge and expertise in the mobile, microwave, satellite, personal 
communications systems (PCS) and various emerging communications technologies. 


We currently have numerous openings in our Wireless Communications Division. These 
positions will provide you with an opportunity to make a significant and immediate impact 
on exciting new projects. Our mission is to provide the finest network planning software 
and services available to the fast growing wireless community. Willingness to travel for 
extended periods of time is desirable. 


RF Telecommunications Engineer 

© BSEE or MSEE ® Two or more years experience in one or more of the following: GSM, 
AMPS, TDMA and CDMA ¢ Strong analytical skills in RF propagation, interference analy- 
sis, system design, computer modeling ¢ Excellent interaction skills * Senior level positions 
exist for exceptional candidates 


Software Engineer 
¢ BSCS or BSEE® MSCS or MSEE a plus ® Three or more years experience * OOA * OOD 
© C++ © C * Unix * RDBMS °® GIS ¢ 3D graphics 


Sales Account Manager 

¢ BSEE, BSCS or related experience. 3-5 years experience in software support function in 
telecommunications industry * Knowledge of cellular engineering desired * Working 
knowledge of UNIX operating systems with emphasis on Sun and IBM workstations * 
Excellent oral and written communications skills. 


If you would like to be a part of an organization known for excellence and integrity in an 
exciting new field, and desire the opportunity to work with individuals at the top of the 
industry, please contact us today by faxing your resume to (703) 476-2697 or sending your 
resume to Comsearch, Attention: Human Resources-JVS, 2002 Edmund Halley Drive, 
Reston, VA 22091. We are an equal opportunity employer. 



















ENGINEERING CONSULTANTS 


A position in Consulting Engineering Services provides the opportunity to work on projects utilizing state of 
the art technology and equipment in a challenging environment. You will act as a company expert on 
current operational issues, as well as develop emerging technology. 


MECHANICAL INSTRUMENTATION SPECIALIST 


Requires BSME or ChE and experience with a wide variety of control valves, relief valves, surge relief 
systems, compressor and turbine control. Specific experience in severe service applications required. 
Experience with a valve manufacture a plus. 


ELECTRICAL MOTOR GENERATOR SPECIALIST 


Requires BSEE; experience in the design, operation, maintenance, application and specifications of electrical 
rotating equipment and applications of variable speed drives and experience with motor repair shops, 
conducting design tests and results interpretation. Knowledge of industry standards and ANSI/IEC standards 
required. Must be capable of running tests and analyzing motor starting problems. Experience with 
manufacturer desirable. 


POWER ELECTRONICS SPECIALIST 


Requires BSEE and experience in application, specification, operation and design of power electronic 
equipment. Experience with manufacturers in design, installation and trouble shooting desired. Knowledge 
of the oil industry applying, specifying and trouble shooting a plus. 

















As a Saudi Aramco employee, you will receive a very attractive compensation package including 
comprehensive benefits. For further information, CALL: 1-800-852-5627, ext. 4454 or ext. 4545; MAIL: 
Aramco Services Co., 06H-06-95, P.O. Box 4530, Houston, TX 77210-4530; FAX: 713-432-5663. 


SAUDI ARAMCO 


It’s Not Just A Job...It’s An POOR TTT 


SIGNAL PROCESSING, 
CONTROLS 
RESEARCH ENGINEER 


An opportunity exists to lead a chal- 
lenging research program in fire- 
threat signal identification. The Bldg. 
& Fire Research Laboratory of the 
National Inst. of Standards & 
Technology, Dept. of Commerce is 
expanding efforts in fire sensing and 
suppression, and is seeking an expert 
in signal processing and decision 
theory. Familiarity with control 
systems and sensor technologies, 
and the thermal-fluid sciences, is 
desirable. The position is open to 
U.S. citizens, with starting salary 
between $51,557 and $79,200/yr. 
Equal Employment/AffirmativeAction 
Employer. Call (301) 926-4851 for 
vacancy announcement. Send 
resume/application to Office of Per- 
sonnel and Civil Rights, Admin A123, 
NIST, Gaithersburg, MD 20899. 
Indicate Vacancy No. 95-0464. 


NIST 





INTERACTIVE 
EXPRESSWAY 


Prepare for the Ride 
of a Lifetime. 


General Instrument is the leader in 
satellite television encryption and 
broadband digital compression 
technologies. 


We currently have career opportu- 
nities for Hardware and Software 
Engineers. Our Engineers generally 
have some of the following skills: 
“0”, “C++”, UNIX, ATM, real-time 
OS, WAN/LAN and digital H/W 
design. 


Please send your resume to: 
General Instrument, Attn: HR Dept., 
Code JABJK, 6262 Lusk Blvd., San 
Diego, CA 92121. Equal 
Opportunity Employer. Principals 
Only, Please. 


@ General Instrument 
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At Motorola 


Cellular, we're looking far 
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into the future of the wireless world 
_by developing the technologies that 
_are revolutionizing an 
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< , site 
_you re ready to join 


_entire industry. 


| one of the industry’s 
leading technologi- 
cal teams, you're 
| ready for Motorola 


Cellular. 


Due to our contin- 
ued growth, we have a 
of 


areer opportunities available for 


ariety outstanding 


xperienced individuals. Here, you 

‘will have a hand in shaping the very 

future of the wireless industry while 
jaining valuable experience with 

some of the most sophisticated tech- 

‘nologies. Positions available at vari- 

“ous levels. 
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MANAGER OF 
COMPUTING SYSTEMS 


California Institute of Technology’s Center for Advanced 
Computing Research (CACR) is a multidisciplinary, 
computational science research organization (512 
processor Intel Paragon/Intel Delta/Intel and nCUBE 
parallel computers/Convex C210). 


The person we are seeking will oversee operational 
aspects of this large, cutting-edge computing and network 
facility supporting large-scale computational science and 
engineering research projects, supervise staff, interface 
with vendors and maintenance providers, and develop 
operational policies. Requires MS degree in computer- 
related field or Physical Science and a minimum of 4 years 
experience in management/advanced technical facility. 
Must be knowledgeable in local and wide-area networks, 
CASA gigabit network testbed, and Sun workstations. 
Excellent management, organization, interpersonal, and 
communication skills required. Candidates with a Ph.D. 
degree will be given preference. 


Interested candidates may send a resume with salary 
history and requirements to: Caltech Employment Dept., 
Position #070IEEE, 1201 E. California Blvd., Pasadena, 
CA 91125. Caltech is an affirmative action/equal opportu- 
nity employer. Women, Minorities, Veterans and Disabled 
persons are encouraged to apply. 


Caltech 





Tomorrow’s LEADING TECHNOLOGICAL TEAM Is FoRMING TODA 
JOIN THEM. 


e PROCESS ENGINEERS 
e SOFTWARE ENGINEERS 


e MANUFACTURING 
ENGINEERS 


e DESIGN ENGINEERS 


e ELECTR 


ENGINEERS 


e SYSTEMS 
ENGINEERS 


e PRODUCTION 
SUPERVISORS 


e RF DESIGN 
ENGINEERS 


e MECHANICAL 
ENGINEERS 


e FIELD ENGINEERS — 
CELLULAR, CABLE, 


TELEPHONE 


MOTOROLA 


Cellular 





: 


Relevant experience in the follow- 
ing areas a plus: CDMA/TDMA/PCS/SS 
GSM, cable, 
telecommunications or multimedia 
products, sub-systems/system testing 


telephone, cellular 


or test automation, switching perfor- 
ICAL mance & modeling testing, intelligent 
networks, integrated circuit design and 


HP Basic. 


Motorola provides an excel- 
lent salary, comprehensive ben- 
efits, 401 (K), profit sharing and 
room for advancement. Mail 
or fax your resume to: 
Motorola Cellular, Dept. 
JWIEE5, 1501 West Shure 
Drive, Arlington Heights, IL 
60004. Fax: 708-632-3873. 
Motorola is an equal oppor- 
tunity/affirmative action 
employer. We welcome and 
encourage diversity in our 
workforce. 


BP 
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TECHNOLOGY REGISTRY 
The Online Employment Database 





IEEE MANAGERS 
{I 


IEEE TECHNICAL SPECIALISTS 
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The Technology Registry is a state-of-the-art online 
recruitment database used by a national consortium of 
technology companies, search firms and venture capital 
funds to find talented managers and technical specialists 
who can help create successful businesses out of the 
exciting technologies emerging in the 1990s. IEEE 
members are in particularly high demand because they 
have always been in the forefront of new technologies. If 
you are interested in joining the team of a rapidly 
growing technology company or an entrepreneurial 
venture, now or in the future, your profile should be in 
the Technology Registry. Contact us via our Internet 
address (http://www.techreg.com/techreg/) or send 
your resume in confidence to: Technology Registry, 555 
Bryant Street, #750, Palo Alto, California 95301. 


THE BOTTOM LINE 


If you are IEEE member employed by a technology 
company or looking for employment in a technol- 
ogy industry, you should be in our database. 
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MICROSOFT® FORTRAN 
POWERSTATION 


Develop & run Fortran programs of virtually any size 
& complexity with Microsoft FORTRAN PowerStation 
family of 32-bit development systems! Migrate 
Fortran code from other platforms with litle or no 
modification! Get unparalleled price/performance! 
Save time in code development and maintenance using the Windows integrated 
development environment. Call NOW to order or request a FREE Test Drive Kit! 


DOS & Windows price ...............-- $339 
Windows NT price .............. je gas LO 





MAPLE V 


Mathematical (numeric, symbolic, graphi- 
cal) computation system with extensive pro- 
gramming facilities, more than 2,500 func- 
tions, 2D/3D color graphics and animation. 
Displays and prints in standard math nota- 
tion. Used world-wide by engineers, scien- 
tists and mathematicians. Includes math 
coprocessor support. 


DOS, Mac, Windows price .............. $549 
UNER price sii) sujaee vane Picaa swale co 1,195 











































JMP®3.1 


Statistical Discovery Software 
from SAS Institute, Inc. 

Statistics is not just data reduction and analysis, it's 
data discovery. JMP’s unique graphical approach to 
statistics allows you to see your data from many dif- 
ferent perspectives quickly, easily. JMP’s ever-growing 
list of statistical features includes: extensive linear and 
nonlinear model fitting, including regression, ANOVA, MANOVA, and random effects 
models, Statistical quality control analysis, extensive survival analysis, and exclusive 
integrated design of experiments. Available for Windows 2nd Quarter ‘95 — Call. 


Mac (Power Macintosh & 68K) ..........$649 


ME 


Easy-to-use survey software for Windows 
that makes it easy to design, administer 
and analyze survey data. Questionnaire 
design automatically creates validated 
data entry screens. Includes comprehen- 
sive descriptive and multivariate statistics including correspondence analysis, 
tests, multiple regression and easy-to-customize graphics. Lexical analysis lets 
you process open-ended questions. Disponible en version francaise. 





Occupation 


Windows price ........... Ae He ee S595 
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IMSL° MATH & STATS 
LIBRARIES 


Complement Microsoft FORTRAN PowerStation with 
Microsoft IMSL mathematical and statistical 
libraries! Seamless interface with FORTRAN 
PowerStation allows you to port Fortran code devel- 
oped on other platforms — including calls to the IMSL libraries — to the PC. 
1,000 precoded, tested, robust routines. Reduce application development time 
1 by using the extensive online Help. 


| DOS & Windows DUCE os. se: sg beet bn ae Oe 
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Mathcad PLUS 5.0 


Solve mathematical calculations in a live and 
interactive environment. Type equations right 
on the screen, add an “=" sign, and Mathcad 
solves instantly. The solutions are “live.” 
Change any factor or equation and Mathcad 
PLUS 5.0 automatically recalculates. Mathcad 
PLUS lets you convey ideas without rewriting. 
And incorporate text and graphics with your real math notation for meaning- 


ful and impressive documents. 








Windows price ............. Dp ie hiekeS205 









CS ChemDraw 


Specialized tools for drawing chemi- 
cal structures as well as powerful 
general-purpose drawing and text 
tools. You can organize ChemDraw 
structures with ChemFinder or trans- 
fer them to Chem3D for molecular 
modeling. 






















Wins Mac tpricej.ine fils sa¢eine Janae a$399 
Academic price: 2.6 ORS ee isis e's CALE 
Student PHCE ee OP ais COE APO EE, S899 


To order or for more information call 


1.800.622.3345 


ask for our free 116-page catalog with 
more than 1,850 products! 


See us on the Internet! 
Our URL is http: //www.scitechint.com/scitech/ 


Sciech International, Inc, 2525 N. Elston Avenue, Chicago, IL 60647-2003 


SeiTece te) 312.486.9191, Fax 312.486.9234 
Resellers call 1.800.622.3320 for a Confidential Reseller Price List 


For Catalog: Circle No: 33 
Resellers: Circle No: 34 
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Two approaches to 
client-server systems 


JOHN R. HINES 


TT: recent flood of articles and 
seminars about client-server com- 
puting indicates the growing 
popularity of this architecture for storing, 
manipulating, and viewing data. Its 
strength lies in its ability to distribute 
tasks, which gives the approach a booster 
shot of computing power. Neither the 
centralized computing of the 1970s nor 
the local computing of the '80s can com- 
pare for efficiency. 

When a centralized system is used for 
a task such as database management, a 
single general-purpose mainframe or 
minicomputer handles every task except 
one—the display of the machine's output 
is left to attached terminals. In a local sys- 
tem used for such tasks, ordinary PCs 
manipulate as well as display stored data; 
the data may be stored on the local PC 
itself or a shared file server. 

Client-server computing adds yet more 
intelligence, and specialized intelligence 
at that. In the interval between being stor- 
ed on a file server or large computer and 
being finally processed and viewed on 
PCs, the data is preprocessed on an appli- 
cation server—either a specialized com- 
puter or software—dedicated to accessing 
and manipulating data. 

The application server is undoubtedly 
efficient. It sorts through large masses of 
data and passes only relevant information 
to the local computer. It is much faster 
than a large multi-user computer or a local 
PC at juggling data because it is optimized 
for a single task. Since it transmits only rel- 
evant data, fewer bytes are moved over the 
network, thereby freeing up bandwidth. 

Two models of client-server comput- 
ing have emerged, and both are typically 
used to upgrade pre-existing systems to 
client-server status. Right-sizing (former- 
ly called down-sizing) reshapes a data- 
base management system based on a 
large computer, while up-sizing does the 
same for one based on PCs. 

Right-sizing is a three-layered environ- 
ment: data on the database server (layer 
one—a workstation, minicomputer, main- 
frame or even a supercomputer) is pre- 
processed on separate application server 
hardware (layer two) before being passed 
on to the individual user's computer (layer 
three). Up-sizing is a two-layered struc- 
ture; data resides on, or is moved to, a 
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network server (layer one), which also 
preprocesses data using application-serv- 
er software before sending it to a local 
computer “client” (layer two). 

In effect, the right-sizing adds a com- 
puter to further distribute computing 
tasks, while up-sizing adds computing 
ability to make them more centralized. 


Opening up databases 
De: the years, database management 
systems have accessed data by means 
of one of three types of techniques. Most 
older mainframe databases, for instance, 
find data through an index-based tech- 
nique implemented in a language like vir- 
tual sequential access method (VSAM). 
Modern PC-based systems lean toward 
navigation techniques, using languages 
like dBASE to store data in records. And 
many modern minicomputer databases 
rely on data relationships, with informa- 
tion being stored in the rows and columns 
of tables and the relationships between 
tables being clearly stated. 

A structured query language (SQL) is 
the usual way of implementing the rela- 
tionship-based technique. But while SQL 
has been represented as a generic inter- 
face to all relational database manage- 
ment systems, it has at least three 
dialects. Worse, there are two unique and 
incompatible ways to implement systems 
based on the language. Embedded SQL 
appends SQL code to the source code of 
the database management system. Call- 
interface SQL supplies an interface to a 
stand-alone SQL. 

The X/Open Group and the SQL 
Access Group addressed the problem in 
1992 by proposing the call-level interface 
standard (CLI 1992), a generic interface 
for accessing database management sys- 
tems. The most popular implementation 
of the standard is Open Database Con- 
nectivity (ODBC), a programming inter- 
face that is part of Microsoft's Windows 
Open Systems Architecture. 

This generic software is supplied as a 
Windows dynamic-link library. With it and 
the proper driver, any application that com- 
plies with the Open Database Connectivity 
interface can communicate with a similarly 
compliant database management system. 
The applications make calls to the Open 
Database Connectivity interface, and the 
driver translates them into a format the 
database system recognizes. It is up to the 
vendors of that type of system to make 
their products compliant with the interface 
and to supply the right driver. 


The paper, “ODBC: Getting Connect- 
ed," goes into more detail. For copies con- 
tact: Intersolv DataDirect, 1800 Perimeter Park 
Dr., Suite 210, Morrisville, NC 27560; 919- 
461-4200 (800-876-3101 in the United States) 
or circle 120. 


Back to its future 
Fe clowine the sale of assets related to 
its spreadsheet and personal informa- 
tion managers to other companies, Bor- 
land is repositioning itself. It is again con- 
centrating on programming tools, but this 
time as a client-server specialist, offering 
up-sizing and scalable programming 
tools. The up-sizing tools generate appli- 
cation server and local PC applications 


for Windows, Windows NT, and Win- 
dows 95. The scalable tools let program- 
mers quickly modify applications to work 
with both local PC and SQL database 
management systems. 

Two recently released client-server de- 
velopment tools are Delphi and Borland 
C++ with Database Tools. Both contain 
the Database Engine and SQL Tools, lib- 
raries built with object-oriented technol- 
ogy. The Database Engine's object classes 
(for Borland’s C++ and Object Pascal) let 
applications talk to dBASE or Paradox data- 
bases, or those compatible with the Open 
Database Connectivity interface. SQL 
Tools supplies similar classes for SQL-com- 
patible servers. 

Borland C++ with Database Tools is 
for programmers developing high-perfor- 
mance C++ client-server applications. It 
is the latest version of the company’s C++ 
compiler, coupled with Database Engine, 
SQL Tools, and a pre-release version of 
Borland's ObjectComponent Framework. 
The framework's classes ease the devel- 
opment of OLE 2.0-compatible client 
and server applications. 

Delphi is a visual tool for rapid appli- 
cation development, and those who have 
had a chance to use it are impressed. 
Based on Object Pascal, it comes with all 
the tools needed to build solid object-ori- 
ented client-server applications, and it 
ships with Database Engine and SQL 
Tools, too. Contact: Borland International Inc., 
100 Borland Way, Scotts Valley, CA 95067, 
408-431-1000, or circle 121. 





Contributor John R. Hines is a silicon sensor 
engineer at Honeywell Inc.'s Microswitch 
Division, Richardson, Texas. 


Consultants: Bruce Mather, Phototelesis Corp.; 
Shari L. Pfleeger, Systems/Software Inc. 
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The following listings of interest to IEEE members have been placed by educational, government, and industrial 
organizations as well as by individuals seeking positions. To respond, apply in writing to the address given or 
to the box number listed in care of Spectrum Magazine, Classified Employment Opportunities Department, 


345 E. 47th St., New York, N.Y. 10017. 
ADVERTISING RATES 


Positions open—$40.00 per line, not agency-commissionable. 
Positions wanted—$40.00 per line, 250% discount for IEEE members who supply their membership 


numbers with advertising copy. 


All classified advertising copy must be received by the 25th of the month, two months preceding the date of 
issue. No telephone orders accepted. For further information call 212-705-7578. IEEE encourages employers to 
offer salaries that are competitive, but occasionally a salary may be offered that is significantly below currently 
acceptable levels. In such cases the reader may wish to inquire of the employer whether extenuating 


circumstances apply. 


VET eM OTL 


Yale University - Electrical Engineering/Computer 
Science: The Department of Electrical Engineer- 
ing, in cooperation with the Department of Com- 
puter Science, invites applications for two faculty 
positions in the area of Computer Engineering. 
One of these will be at the level of full professor, 
and the other is at a lower rank. Applicants should 
have a Ph.D. in Electrical Engineering, Computer 
Science, or closely related field, and should exhibit 
outstanding research accomplishments and a 
commitment to teaching. The candidate for the full 
orofessor position must be a recognized leader in 
his (her) field. Research in such topics as interac- 
tive system architecture, distributed computer sys- 
tem and network architecture, special-purpose 
computer architecture, high assurance computer 
systems for various critical applications, algorithm 
design for VLSI and ASIC applications, and related 
software engineering will be considered. Close 
collaboration with the existing Computer Engineer- 
ing group is expected. Preferred candidates are 
U.S. citizens or have a permanent resident visa. 
Women and members of minority groups are 
especially encouraged to apply. Please send cur- 
riculum vitae, including names, addresses, tele- 
phone numbers, and email addresses (if available) 
of at least three references (at least 8 for the senior 
candidate), to Professor T.P. Ma, Chair, Depart- 
ment of Electrical Engineering, Yale University, 15 
Prospect Street, New Haven, CT 06520-8284. 
Applications are accepted up to May 31, 1995. 
Yale University is an affirmative action, equal 
opportunity employer. 


Chairperson, Department of Electrical Engineer- 
ing, Texas Tech University: Nominations and 
applications are invited for the Chairperson of the 
Department of Electrical Engineering at Texas 
Tech University. The Chairperson is expected to 
lead the department in the continued develop- 
ment of high quality undergraduate and graduate 
programs in electrical engineering. The depart- 
ment currently has approximately 350 undergrad- 
uate (B.S.) students and 65 graduate (M.S. and 
Ph.D.) students, with 21 faculty, 6 staff, and 
approximately $3.7 million in funded research. 
Departmental research programs include pulsed 
power techniques, optical and digital signal/image 
processing, optical computing, VLSI design, con- 
trol systems, neural networks, plasma theory and 
applications, thin film deposition, power semicon- 
ductor devices and electronics, electric propul- 
sion, renewable energy systems and systems 
theory. Texas Tech University is a comprehensive 
state-supported university (including a Law 
School and Medical School) with approximately 
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25,000 students. The College of Engineering has 
9 departments, a current enrollment of approxi- 
mately 2300 undergraduate students, 500 gradu- 
ate students, and 100 faculty. Applicants must 
have a doctoral degree in electrical engineering or 
a related field, an outstanding record of accom- 
plishments, familiarity with national trends in elec- 
trical engineering education, plus demonstrated 
leadership and managerial skills. The successful 
candidate should be able to be appointed at the 
rank of professor and either be registered or be 
capable of being registered as a professional 
engineer in Texas. The University is located in 
Lubbock, a city of just under 200,000 population. 
Lubbock is the agricultural, business and medical 
center for a major portion of northwest Texas and 
eastern New Mexico. Lubbock has been nation- 
ally recognized for its friendly people, temperate 
climate, and quality of life. Applications will be 
reviewed beginning June 1, 1995, and the search 
will continue until the position is filled, with the 
position becoming available January 1, 1996. 
Application materials, including a letter expressing 
interest in the position and describing the appli- 
cant’s managerial experience, a detailed resume 
and a list of at least 5 professional references 
should be sent to: Professor Warren K. Wray, 
Chairman, EE Chairperson Search Committee, 
Department of Electrical Engineering, Texas Tech 
University, Box 43012, Lubbock, TX 79409-3102, 
phone: 806/742-3523. Texas Tech University is an 
Equal Opportunity/Affirmative Action Employer. 


The Hong Kong Polytechnic University (formerly 


Hong Kong Polytechnic) invites applications for 
the following post: Department of Electrical Engi- 
neering - Professor/Associate Professor/Assis- 
tant Professor. Applicants in the areas of Power 
Electronics and Fibre Optics are particularly 
sought. Other areas of interest include Robotics 
and Control, Electrical Energy Utilization and 
High Voltage. The appointees will be required to 
(a) teach at both undergraduate and postgradu- 
ate levels; (b) undertake research and supervise 
research students; (c) participate in activities on 
the development of courses, syllabuses and lab- 
oratories; and (d) engage in consultancy, schol- 
arly activities or services to the community. Appli- 
cants should have (a) a PhD degree; (b) a good 
research track record; (c) appropriate teaching 
experience; (d) contributions in professional and 
community services; and (e) relevant industrial 
experience. For appointment at Associate Pro- 
fessor level, research leadership ability is 
expected, and a distinguished record of research 
and publication is required for Professorship. 
Salary and Conditions of Service - Professor: 
HK$669,360 - HK$889,260 per annum; Associ- 
ate Professor: HK$641,580 - HK$861,900 per 
annum; Assistant Professor: HK$412,980 - 





HK$468,480 per annum /BAR/ HK$496,320 - 
HK$689,880 per annum. (US$1 = HK$7.7 as of 
10 March 1995) Initial appointments are nor- 
mally made on a fixed term gratuity-bearing con- 
tract of two years, at the end of which re-engage- 
ment is subject to mutual agreement. Other 
benefits include leave, medical and dental 
schemes, children’s education allowance, and 
subsidized housing where applicable. Applica- 
tion: Application including curriculum vitae and 
names of three referees should be sent to the 
Personnel Office, Room AG 426, Chung Sze 
Yuen Building, The Hong Kong Polytechnic Uni- 
versity, Hung Hom, Kowloon, Hong Kong before 
June 15, 1995. [Fax (852) 2764 3374, E-mail 
GSSTAFF @ HKPCC.HKP.HK]. 


The Swiss Federal Institute of Technology 


Zurich (ETHZ) invites applications for a Chair in 
Electromagnetic Fields. Teaching and research 
focus on electrodynamics, with particular 
emphasis on the numerical simulation of elec- 
tromagnetic fields. Possible ranges of applica- 
tion are electromagnetic compatibility and 
antenna design. The new professor will teach 
field theory to the students in electrical engi- 
neering. Candidates should hold a university 
degree and have a distinguished record of qual- 
ified research and industrial experience in the 
subject areas. The new professor must be a tal- 
ented teacher and willing to collaborate with col- 
leagues both within and outside ETHZ. Please 
submit your application, together with a curricu- 
lum vitae, a list of publications and a brief 
description of your research and teaching inter- 
ests, to the President of ETH Zurich, Prof. Dr. J. 
Nuiesch, ETH Zentrum, CH-8092 Zurich, no 
later than June 15, 1995. The ETHZ specifically 
encourages female candidates to apply with a 
view towards increasing the proportion of 
female professors. 


Clemson University: The Department of Electrical 


and Computer Engineering anticipates having 
tenure track Assistant Professor and Research 
Associate/Assistant Professor (non-tenure track) 
positions available in the Fall semester of 1995. 
Individuals whose interests and experience match 
existing research strengths in Integrated Manufac- 
turing (VLSI and Mechatronics) will be given pref- 
erence. The VLSI group is active in Metal Organic 
Chemical Vapor Deposition, reliability and design. 
The Mechatronics group is active in control, 
design and experimentation for electromechanic 
systems. Other research areas include Communi- 
cations, Energy systems and Specialized Com- 
puter systems. Candidates should hold a Ph.D. 
degree in Electrical or Computer Engineering and 
have a strong interest in contributing to a research 
program. Teaching of core courses at both the 
graduate and undergraduate levels is expected. 
Qualified applicants should send a curriculum 
vitae and the names of at least three references to 
Chair, Search and Screening Committee, Depart- 
ment of Electrical and Computer Engineering, 
Clemson University, Box 340915, Clemson, South 
Carolina 29634-0915. Consideration of candidates 
will begin May 1, 1995 and will continue until posi- 
tions are filled. Clemson University is an Equal 
Opportunity/Affirmative Action Employer. 


UC Berkeley, Computer Science Department 


Associate Specialist: Duties of Position: Speci- 
fication, design, implementation and testing of 
systems for speech recognition and processing 
of auditory information. Specific duties include 
the design, implementation, and testing of very 
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large scale analog integrated circuits; design and 
testing of circuit boards, development of custom 
software for processing of auditory data; and 
integration of custom hardware and software. 
Participation in research project planning. Co- 
authorizing funding proposals and research 
papers. Qualifications: Ph.D. degree in EECS 
and expertise in the design of subthreshold ana- 
log MOS circuits. Experience with speech recog- 
nition hardware and software systems. Experi- 
ence in the development and maintenance of 
CAD software for analog VLSI chip design. Also 
knowledge and experience with auditory and 
visual processing. Salary Range: $51,204 - 
$79,164. Please send applications/resumes to: 
Terry Lessard-Smith, Computer Science Divi- 
sion, UC Berkeley, 643 Soda Hall, Berkeley, CA 
94720-1776. Deadline for the applications is 
June 30, 1995. The University of California is an 
Affirmative Action/Equal Opportunity Employer. 


Institut Eurécom (France): The Department of Mul- 
timedia Communications is seeking applications 
for an Associate Professor or Full Professor 
tenure position in Software Engineering for Multi- 
media Applications and Services. Eurécom is a 
joint venture between Ecole Nationale Supérieure 
de Télécommunications (Paris) and Ecole Poly- 
technique Federale de Lausanne (Switzerland) 
for delivering a graduate curriculum in Communi- 
cations Systems and pursuing research in related 
domains with emphasis on system development 
conceptualization. It is located in the Telecom val- 
ley at Sophia Antipolis (French Riviera). Teaching 
is delivered in French and English. Fluent knowl- 
edge of English is mandatory. Knowledge of 
French could be acquired in the long term. The 
faculty staff is widely international and consists of 
9 professors with assistants. Applicants must 
have earned a doctorate for five years at least and 
have a significant list of publications in top rank 
level journals with expertise of state of the art 
tools and methods. Duties of the successful can- 
didate will include graduate teaching, Ph.D. super- 
vision, development of a research program and 
participation in on-going research in a multidisci- 
plinary environment working on Multimedia appli- 
cations. Strong experience is required in software 
engineering, operating systems, software and 
system modelling, object oriented approaches, 
protocol development, man machine interfaces, 
information retrieval and system integration. Prac- 
tice of management of research projects is desir- 
able. Applications will be accepted until the posi- 
tion is filled. Salary will depend on experience and 
qualifications. Resumes, lists of publications, 
research plans and the names of five references 
should be sent to Professor Chris J. Wellekens, 
Head of the Department Multimedia Communica- 
tions, Eurécom, 2229 route des Crétes, BP 193, 
F-06904 Sophia Antipolis, France. 


The Department of Electrical and Computer Engi- 
neering (EECE) at the University of New Mex- 
ico invites applications for a tenure-track faculty 
position at the rank of assistant professor, in the 
area of digital signal processing with an emphasis 
on speech processing. Minimum requirements: 
Ph.D. in electrical/computer engineering in the 
area of digital signal processing, with an emphasis 
on speech processing. Desired qualifications: 
Preference will be given to those individuals with a 
strong background in speech processing, indus- 
trial experience pertaining to electrical/computer 
engineering and manufacturing, and experience in 
outreach activities related to science and engi- 
neering education. The EECE Department has 
approximately 447 undergraduate and 209 gradu- 
ate students, respectively. Its research expendi- 
tures for the 1993-94 fiscal year were about 
$8.2M. Resume and a list of three references must 
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be received by mail, by July 31, 1995. Send to: 
Prof. Neeraj Magotra, Search Committee Chair, 
Electrical and Computer Engineering Department, 
The University of New Mexico, Albuquerque, NM 
87131. The University of New Mexico is an Equal 
Opportunity and Affirmative Action Employer. 


University of Virginia Department of Electrical 


Engineering invites applicants for two tenure- 
track positions to begin September 1, 1995. One is 
in the area of communications and signal process- 
ing, and the other is in the area of computer engi- 
neering. Applicants for the former position are 
sought whose interests complement existing 
strengths in statistical signal processing, digital 
communications, spread spectrum transmission, 
and optical communications, and who are able to 
teach courses in these and related areas. Appli- 
cants are sought for the latter position whose inter- 
ests lie in digital and analog testing, and mixed 
analog and digital IC design; and complement 
existing strengths in integrated circuits and sys- 
tems, test technology, design automation, and 
fault tolerant computing. Applicants must be able 
to teach courses in these and related areas. Can- 
didates are required to have an earned doctorate 
in electrical engineering, a strong research record, 
ability to develop a funded research program, and 
strong commitment to teaching at the graduate 
and undergraduate levels. Established research 
programs exist in the Department in the areas of 
communications and signal processing, computer 
engineering, solid state electronic and photonic 
devices, and robotics and machine vision. Our pro- 
gram supports approximately 300 undergraduate 
students and 130 (65 Ph.D.) graduate students 
with 20 tenured/tenure track faculty, and three 
research faculty along with five research scientists. 
Interested candidates must send a complete 
resume, indicating citizenship and/or visa status, 
together with names and addresses of at least four 
references to Dr. Robert J. Mattauch, Chairman, 
Department of Electrical Engineering, Thornton 
Hall, University of Virginia, Charlottesville, VA 
22903-2442. This search will continue until the 
positions are filled. The University of Virginia is an 
Equal Opportunity/Affirmative Action Employer. 


Massachusetts Institute of Technology: The 


Department of Mechanical Engineering invites 
applications for an Assistant/Associate tenure 
track position in Information Science and Technol- 
ogy. The candidate's areas of interest should com- 
plement and enhance current research activities 
in the department in: instrumentation physics; 
nano-technology; product/system design includ- 
ing database design and networking; information 
theory, system identification and control systems; 
intelligent systems and machine learning; bio- 
engineering and man-machine systems; manu- 
facturing and applied mechanics. A Ph.D. in the 
field of Science or Engineering or equivalent with 
experience in engineering systems and informa- 
tion science and technology is required as well as 
a demonstrated ability to carry out innovative 
research and to conduct outstanding teaching. A 
strong background in multi-disciplinary engineer- 
ing systems is highly desirable. Applicants should 
submit a curriculum vitae (with citizenship and/or 
visa status); a publication list; names, addresses 
and phone numbers of at least four references; 
and a one-page professional statement describ- 
ing their goals and aspirations at MIT. Applications 
should be sent to: Information Science and Tech- 
nology Search Chair, Massachusetts Institute of 
Technology, Department of Mechanical Engineer- 
ing, Room 3-173, 77 Massachusetts Avenue, 
Cambridge, MA 02139-4307. MIT is an Equal 
Opportunity/Affirmative Action Employer. Women 
and members of minority groups are strongly 
encouraged to apply. 


CLASSIFIED EMPLOYMENT 
OPPORTUNITIES 


The Hong Kong University of Science and Tech- 


nology invites applications/nominations for the 
position of Professor and Head of the Electrical 
and Electronic Engineering Department. Appli- 
cants should have appropriate academic and/or 
professional qualifications together with success- 
ful, relevant experience in universities, research 
laboratories and/or industry. The successful can- 
didate will also be required to demonstrate lead- 
ership qualities necessary to lead and manage 
the department in its diverse academic and 
administrative functions and to interact effectively 
with industry and commerce. To receive full con- 
sideration, application should be received before 
June 15, 1995. The search will continue until a 
suitable appointment is made. Applications/nomi- 
nations together with a curriculum vitae and the 
names and addresses of at least 3 referees 
should be sent to: Professor Ming Liou, Chair of 
the Search Committee, School of Engineering, 
The Hong Kong University of Science and Tech- 
nology, Clear Water Bay, Kowloon, Hong Kong. 
Email: PCCONWAY @usthk.ust.hk. 


Department of Physics, National University of 


Ireland, University College Cork, Ireland: 
Applications are invited for the following full-time 
positions in the Physics Department at University 
College Cork, Ireland, tenable from 1 Sept 1995. 
(1) College Lectureship in Physics (Permanent 
post) - Must conduct original research, teach and 
examine undergraduate and postgraduate cours- 
es, participate in departmental administration 
and development. Requires PhD and distin- 
guished record in research and teaching. Tenure 
decision follows two-year probationary period. 
Equivalent to US Assistant Professorship. Salary 
range: IR£16,120-33,392 (IR£1 = $1.60 approx). 
(2) Visiting Lectureship in Physics (1 or 2 year 
contract) similar duties and qualifications to per- 
manent College Lectureship, salary IRE25,000, 
with research interests relevant to an existing 
research group in the department (optoelectron- 
ics, laser spectroscopy, solid state, relativity, 
atomic and nuclear physics). (3) EMC Boole 
Research Fellowship in Physics of Data Storage 
- Prestigious senior research fellowship in an 
area relevant to data storage, with special consid- 
eration given to expertise in optoelectronics, 
microstructural physics, ULSI, design and testa- 
bility of complex systems. Sponsored by EMC 
Corporation, with whom the holder will interact. 
PhD and distinguished research required. 2 year 
contract, renewable. Applicants for (1) should 
obtain application forms from the Academic 
Appointments Office, University College, Cork, 
Ireland, Tel (+353-21) 902 364, Fax 276 995. 
Applicants for (2) and (3) should send a resume, 
together with the names of three referees to Pro- 
fessor John G. Mclnerney, Head of Department 
of Physics, University College, Cork, Ireland, Tel 
(+353-21) 902 327, Fax (+353-21) 276 949. Inter- 
net: mcinerney @bureau.ucc.ie. All applications 
must be received by 30 June 1995. 


Post-doc, engineer and graduate assistantship 


positions available in MEMS/Biomed. MEMS 
experience required (linear actuators exp. desir- 
able) for post-doc. IC or MEMS experience 
required for engineer with BS in EE, ME or related 
field. Send CV and the names of 3 references to 
Dr. Dave Beebe, Dept. of Biomedical Eng., 
Louisiana Tech University, 711 S. Vienna St., Rus- 
ton, LA 71270. E-mail: bme@engr.latech.edu 
Applications reviewed starting June 1, 1995. 
Louisiana Tech is an equal opportunity university. 
Women and minorities are encouraged to apply. 
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ASSIFIED EMPLOYMENT 
OPPORTUNITIES 


Queen’s University, Department of Electrical 
and Computer Engineering: Research Scien- 
tist. This is an immediate requirement for a one- 
year contract position, with the possibility of 
extension. Responsibilities: participate in univer- 
sity-industry collaborative research project in 
automatic detection and recognition of objects 
from airborne synthetic aperture radar (SAR) 
imagery and in development of techniques for 
optimal fusion of SAR, radar, and infrared imag- 
ing sensor data. Requirements: PhD and out- 
standing research record in the area of image 
processing. Experience with SAR image pro- 
cessing an asset. Salary dependent upon quali- 
fications. Send a detailed CV and names of 
three references by July 1, 1995 to Prof. Steven 
D. Blostein, Dept. Electrical and Computer Engi- 
neering, Queen’s University, Kingston, Ontario, 
K7L 3N6, Fax 613-545-6615. In accordance 
with Canadian immigration requirements, prior- 
ity will be given to Canadian citizens and perma- 
nent residents. Queen’s University is committed 
to employment equity. 


The University of Toronto, Department of 
Mechanical Engineering, invites applications 
for an academic tenure stream position at the 
rank of Assistant Professor. The successful 
applicant will be expected to develop an inde- 
pendent research program in the area of Design 
and will be expected to make a major contribu- 
tion to the Undergraduate and Graduate Design 
Programs. Applicants must have a doctoral 
degree, an outstanding academic record, excel- 
lent communications skills and effective teach- 
ing ability and should be prepared to obtain reg- 
istration with the Professional Engineers of 
Ontario (PEO). Start date is July 1st, 1995 or as 
soon as possible thereafter. Applicants should 
include in their responses a detailed curriculum 
vitae, a clear statement of their specific teaching 
and research interests, and the names of three 
persons able to provide references in support of 
their application. Letters of application should be 
addressed to: Professor |.G. Currie, Chair, Depart- 
ment of Mechanical Engineering, University of 
Toronto, 5 King’s College Road, Toronto, Ontario 
M5S 1A4. The closing date for applications to be 
received is June 15th, 1995. In accordance with 
Canadian Immigration requirements, priority will 
be given to applications from Canadian citizens 
and permanent residents of Canada. The Uni- 
versity of Toronto is committed to employment 
equity and encourages applications from 
women, visible minorities, aboriginal people and 
physically challenged persons. 


Turabo University, School of Engineering has fac- 
ulty openings in the area of Electrical Engineer- 
ing beginning August 1995 and January 1996. A 
Ph.D. in E.E. or a closely related area is required. 
The School of Engineering was founded in 1990 
and currently offers a quality education to nearly 
250 undergraduate students in M.E. and Mfg.E. 
disciplines. The School’s Electrical Engineering 
program will begin accepting its own students in 
August 1995. The School enjoys substantial sup- 
port from the U.S. DOE’s Science & Technology 
Alliance which includes Sandia, Los Alamos, and 
Oak Ridge National Laboratories. Significant 
funds are available for the planning and develop- 
ment of research quality laboratories. Faculty 
members are expected to teach in English and 
develop the curriculum during a ten month aca- 
demic year. The Alliance provides summer 
research opportunities at the national labs. The 
University is located in the scenic hills of Gurabo, 
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Puerto Rico, minutes from San Juan and the 
Caribbean coast. Candidates need legal permis- 
sion to work in the United States and should sub- 
mit a letter of interest and a resume to: Dr. 
Roberto Loran, School of Engineering, Turabo 
University, Box 3030, Gurabo, Puerto Rico 
00778. Turabo University is an equal opportunity 
employer (M/F/D/V). 


The Swiss Federal Institute of Technology 


Zurich (ETHZ) invites applications for the posi- 
tion of an Assistant Professor of Nonlinear Sys- 
tems. Teaching and research will focus on the 
analysis and control of nonlinear systems. Can- 
didates should have a strong mathematical 
background and a solid research record in the 
subject area. The post of an assistant professor 
has been established to promote the career of 
young scientists. It is available for three years in 
the first instance, with the possibility of a 
renewal for another three years. Please submit 
your application, together with a curriculum vitae 
and a list of publications, to the President of 
ETH Zurich, Prof. Dr. J. NUesch, ETH Zentrum, 
CH-8092 Zurich, no later than June 30, 1995. 
The ETHZ specifically encourages female can- 
didates to apply with a view towards increasing 
the proportion of female professors. 


Colorado School of Mines Department of Engi- 


neering - Engineer: The CSM Department of 
Engineering is seeking an individual to provide 
research engineer support with a strong back- 
ground in the design and implementation of 
experimental instrumentation and automatic con- 
trol. A major portion of this position requires origi- 
nal design and construction of instrumentation 
hardware and software associated with graduate 
research in mechanical, electromechanical, civil 
and electronic systems. The successful candi- 
date must be able to interact with graduate stu- 
dents and faculty to determine the functional 
specifications of such devices and help oversee 
the research laboratory work of graduate stu- 
dents. The person will be expected to design, 
develop, and implement a graduate level labora- 
tory course in instrumentation and measurement. 
The successful candidate is expected to have at 
least 5 years of experience in the design and 
construction of electronic circuits, software devel- 
opment for on-line data acquisition, and both low 
and high level programming skills for establishing 
communication between computers and instru- 
mentation. A minimum of a B.S. degree in mechan- 
ical or electrical engineering is required. A competi- 
tive salary and benefit package will be offered the 
successful candidate. The deadline for applica- 
tion is May 31, 1995. Send letter of application 
and resume to: Colorado School of Mines, 
Research Engineer Search #95-011510, 1500 
Illinois Street, Golden, CO 80401. CSM is an 
AA/EEO employer. Women and minorities are 
encouraged to apply. 


Postdoctoral Research Position: The Dept. of 


Electrical Engineering at the University of Ken- 
tucky is seeking to fill a postdoctoral position to 
further the development of full-wave analyses of 
microwave circuits and antennas, electronic and 
microwave packages, and bi-anisotropic materi- 
als. Prospective candidates should hold a Ph.D. 
in Engineering or Physics with strong experi- 
ence in computational methods. Please send 
resume and references to Dr. Stephen Gedney, 
453 Anderson Hall, Lexington, KY 40506 (email: 
gedney @engr.uky.edu.). 


The Department of Electrical and Computer 


Engineering at Concordia University invites 





applications for a tenure-track position in Com- 
puter Engineering at the Assistant Professor 
level. This position is in the Protocol Engineer- 
ing area with emphasis on Telecommunications 
Networking/Software and Formal Methods for 
Protocol Design and Validation. Applicants spe- 
cializing in the general area of Computer Engi- 
neering may also be considered. Applicants 
must have a Ph.D. in Electrical/Computer Engi- 
neering or Computer Science and a strong 
commitment to excellence in research and 
teaching at the undergraduate and graduate 
levels. Knowledge of French is an asset. The 
candidates are expected to possess qualifica- 
tions essential to register as a Professional 
Engineer. The Department offers Bachelor's 
programs in Electrical and Computer Engineer- 
ing and Master's and Doctoral programs in 
Electrical Engineering. The department cur- 
rently has 27 full-time faculty members. Faculty 
research interests in Computer Engineering 
cover VLSI Systems Design; High Performance 
Architecture and Computing; Parallel CAD; 
Communication Network/Systems and Perfor- 
mance Evaluation; Robotics and Signal Pro- 
cessing Algorithms. In accordance with Cana- 
dian Immigration requirements, priority will be 
given to citizens and permanent residents of 
Canada. Concordia University is committed to 
employment equity and encourages applica- 
tions from women, aboriginal people, visible 
minorities and disabled persons. All things 
begin equal, women candidates shall be given 
priority. Applications will be accepted until the 
position is filled. Applicants should send a 
resume and names of at least three references 
to: Dr. G. Joos, Acting Chair, Department of 
Electrical and Computer Engineering, Concor- 
dia University, 1455 de Maisonneuve Blvd., 
West, Montreal, Quebec, H8G 1M8, Canada. 
Phone: (514) 848-3080, Fax: (514) 848-2802, 
Email: geza @ ece.concordia.ca 


Director, Remote Sensing and Image Process- 


ing Laboratory, College of Engineering, 
Louisiana State University: Applications and 
nominations are sought for the position of Direc- 
tor of the Remote Sensing and Image Process- 
ing (RSIP) Laboratory in the College of Engi- 
neering. RSIP is a modern interdisciplinary 
laboratory which focuses on research related to 
Remote Sensing, Image Processing, Geo- 
graphic Information Systems (GIS), Global Posi- 
tioning Systems (GPS), Intelligent Transporta- 
tion Systems (ITS), Civil Infrastructure Systems, 
Communications, Technology Integration, Simu- 
lation and Modelling, and software engineering. 
The Laboratory has funded research projects 
with several government agencies including the 
U.S. and Louisiana Departments of Transporta- 
tion, Louisiana Department of Environmental 
Quality, FHWA, National Academy of Sciences, 
USAE Waterways Experiment Station, and 
National Aeronautics and Space Administration. 
Candidates should have the academic qualifica- 
tions (Ph.D. or equivalent degree) necessary to 
hold a senior appointment in one of the depart- 
ments of the College, have a demonstrated 
track record of success in external funding and 
scholarly activities and evidence of ability to 
work with academic, government, and industrial 
groups. Salary will be commensurate with expe- 
rience and accomplishments. Applications to: 
Edward McLaughlin, Dean, College of Engi- 
neering, Louisiana State University, Baton 
Rouge, LA 70803-6401 will be received until 
June 30, 1995, or until a suitable candidate is 
found, and should include a current resume and 
names, addresses, and phone numbers of three 
references. Appointment as early as Fall, 1995, 
will be considered. LSU is an Equal Opportu- 
nity/Affirmative Action Employer. 
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doctoral degree by the time the appointment at 
MIT starts, and should have an active interest in 
both teaching and research at the university 
level. The Department of Civil and Environmen- 
tal Engineering is committed to seeking quali- 
fied minority and women faculty candidates. We 
strongly urge them to apply for this position. 
Applicants should send a c.v., undergraduate 
and graduate transcripts, a description of teach- 
ing and research interests and a list of refer- 
ences to: Prof. Robert Logcher, Chairman, Fac- 
ulty Search Committee, Department of Civil and 
Environmental Engineering, Massachusetts 
Institute of Technology, 77 Massachusetts 
Avenue, Room 1-253, Cambridge, MA 02139. 


The University of Toledo, College of Engineering 


- Chairperson, Department of Electrical Engi- 
neering and Computer Science: Applications 
and nominations are invited for the position of 
Chair of the Department of Electrical Engineering 
and Computer Science. Applicants should have 
an earned doctorate in electrical engineering, 
computer engineering, computer science or 
related discipline; a commitment to excellence in 
engineering education; an outstanding research 
and scholarship record; and strong leadership 
abilities. The successful candidate will also 
assume a tenured associate professor or profes- 
sor faculty position. The Department of Electrical 
Engineering and Computer Science has 29 fac- 
ulty and offers degrees in both Electrical Engi- 
neering and Computer Science and Engineering. 
Both programs are ABET accredited and the 
CSE program is also CSAB accredited. The com- 
bined full-time and part-time undergraduate 
enrollment in the department is 500 while the 
total graduate enrollment is 120. The Department 
of Electrical Engineering and Computer Science 
is one of six departments in the College of Engi- 
neering which has a combined undergraduate 
and graduate enrollment in excess of 2,300 stu- 
dents. The University is a state supported univer- 
sity enrolling approximately 24,000 students. The 
campus, located approximately five miles from 
the downtown area, is very attractive and is adja- 
cent to a fine residential section of Toledo. The 
University of Toledo is committed to faculty diver- 
sity and particularly encourages minorities and 
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mail contact: winters @ pluto.ee.cua.edu. CUA is 
an equal opportunity/affirmative action employer. 


Government/Industry Positions Open 


Electrical Engineer for business in NE Ohio. To 


design PC card drive for PCMCIA type |, type II, 
type III for desktop computers and upgrade Solid- 
State Drive for PCMCIA cards. This includes 
designing PC card drive hardware and software, 
including interface between ISA bus and PCM- 
CIA sockets, drivers capable of performing plug 
and play, linking Microsoft flash file system auto 
booting BIOS; improving the performance of 
Solid-State Drive for Flash card, static RAM card, 
OTP card for PCMCIA. Improvements include: 
hardware, software drive capable of faster speed 
and user-friendly. Must have B.S. in Computer 
Science or Electrical Engineering. Academic pro- 
gram must have included one course each in the 
following areas: Object oriented design (C++, 
Visual Basic), Advanced Computer System (ISA 
interface design), Solid-State drive (for Flash 
card, Static card and OTP card); and PCMCIA. 
Must have 6 mos in job described or 6 mos exp 
as electrical engineer. Exp must have included 
hardware and software in the area of Solid-State 
drives. 40 hrs/wk, 8:00am-5:00pm, $33,725/yr. 
Must have proof of legal authority to work indefi- 
nitely in U.S. Send resume, course transcript, and 
cover sheet in duplicate to T. Do, JO# 00850, 
Ohio Bureau of Employment Services, P.O. Box 
1618, Columbus, Ohio 43216. 


Senior Electrical Design Engineer: Engineering 


company in the Chicago area is seeking a 
Senior Electrical Design Engineer to design 
electronic energy saving equipment and auto- 
motive electronic products. A strong background 
in analog design and power electronics is 
required. Ability to design magnetics is desired. 
Responsibilities include project management, 
new product design and manufacturing liaison. 
Teamwork skills are necessary. International 
travel required. Flexible hours. Compensation 
dependent on experience; includes stock and 
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Electrical Supervisor: Under the direction of the 


Engineering/Maintenance Manager, the Electri- 
cal Supervisor supervises the Electrical Engi- 
neers and Electricians in the Hot Mill Depart- 
ment. The Electrical Supervisor is accountable 
for: interviewing, task assignment, supervision 
and evaluation of each subordinate under his 
direction. Additionally, the Electrical Supervisor 
is directly responsible for the following: making 
purchase inquiries and purchasing electrical 
equipment and supplies for the Hot Mill Depart- 
ment; supporting/suggesting new applications 
and manning machine interfaces using automa- 
tion technologies, including but not limited to 
Wonderware, Factory Link, Simovis, VAX; main- 
taining/repairing AC and DC drives, Cyclocon- 
verters, Simoverts, SimoRegs; supporting oper- 
ators in the operation procedures of a CSP 
Rolling Mill (use and operation of tunnel fur- 
nace, mill stands, and coiler); designing and 
implementing of requested changes in the Level 
1 and Level 2 systems of the CSP Rolling Mill; 
maintaining/repairing Isotope Measuring Sys- 
tem-Radiation Thickness Gauge, Width Gauge, 
and Laser Flatness Control System; maintain- 
ing/repairing/redesigning Machinefabrik Her- 
cules Controls Co., Roll Grinders, Kranco, DeS- 
hazo and Harnischfeger P & H Cranes, D.C. 
Traction Locomotives and remote control sys- 
tems for each; tuning RF transmitters and 
receivers; maintaining the Jackson Tamper; 
inspecting power distribution; monitoring ground 
faults for 4160 breakers; troubleshooting IBM 
systems, AS400 Systems; providing electrical 
consultation to other Nucor facilities as required; 
supporting other personnel with electrical/elec- 
tronic problems arising in the steel mill. B.S. or 
equivalent in electrical engineering required. 
Five years experience as Electrical Engineering 
Supervisor required. Qualified candidates 
should have the following special requirements: 
Ability to manage/support VAX Cluster, VAX 
System, and have familiarity in Fortran, Dec- 
Forms, DecWindows application programming; 
ability to engineer/design and install Ethernet 
Networks using bridges, gateways, and various 
adapters and pathworks, PC support and Lan- 
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Queen’s University, Depa 


and Computer Engineer 
tist. This is an immediate | 
year contract position, v 
extension. Responsibilities 
sity-industry collaborative 
automatic detection and 
from airborne synthetic i 
imagery and in developr 
optimal fusion of SAR, rac 
ing sensor data. Require 
standing research record 
processing. Experience ' 
cessing an asset. Salary « 
fications. Send a detaile 
three references by July 1 
D. Blostein, Dept. Electric: 
neering, Queen’s Univers 
K7L 3N6, Fax 613-545- 
with Canadian immigratio 
ity will be given to Canadi: 
nent residents. Queen’s L 
to employment equity. 


The University of Toror 


Mechanical Engineerin 

for an academic tenure : 

rank of Assistant Professor. The successful 
applicant will be expected to develop an inde- 
pendent research program in the area of Design 
and will be expected to make a major contribu- 
tion to the Undergraduate and Graduate Design 
Programs. Applicants must have a doctoral 
degree, an outstanding academic record, excel- 
lent communications skills and effective teach- 
ing ability and should be prepared to obtain reg- 
istration with the Professional Engineers of 
Ontario (PEO). Start date is July 1st, 1995 or as 
soon as possible thereafter. Applicants should 
include in their responses a detailed curriculum 
vitae, a clear statement of their specific teaching 
and research interests, and the names of three 
persons able to provide references in support of 
their application. Letters of application should be 
addressed to: Professor I.G. Currie, Chair, Depart- 
ment of Mechanical Engineering, University of 
Toronto, 5 King’s College Road, Toronto, Ontario 
M5S 1A4. The closing date for applications to be 
received is June 15th, 1995. In accordance with 
Canadian Immigration requirements, priority will 
be given to applications from Canadian citizens 
and permanent residents of Canada. The Uni- 
versity of Toronto is committed to employment 
equity and encourages applications from 
women, visible minorities, aboriginal people and 
physically challenged persons. 


Turabo University, School of Engineering has fac- 


ulty openings in the area of Electrical Engineer- 
ing beginning August 1995 and January 1996. A 
Ph.D. in E.E. or a closely related area is required. 
The School of Engineering was founded in 1990 
and currently offers a quality education to nearly 
250 undergraduate students in M.E. and Mfg.E. 
disciplines. The School's Electrical Engineering 
program will begin accepting its own students in 
August 1995. The School enjoys substantial sup- 
port from the U.S. DOE's Science & Technology 
Alliance which includes Sandia, Los Alamos, and 
Oak Ridge National Laboratories. Significant 
funds are available for the planning and develop- 
ment of research quality laboratories. Faculty 
members are expected to teach in English and 
develop the curriculum during a ten month aca- 
demic year. The Alliance provides summer 
research opportunities at the national labs. The 
University is located in the scenic hills of Gurabo, 
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neering - Engineer: The CSM Department of 
Engineering is seeking an individual to provide 
research engineer support with a strong back- 
ground in the design and implementation of 
experimental instrumentation and automatic con- 
trol. A major portion of this position requires origi- 
nal design and construction of instrumentation 
hardware and software associated with graduate 
research in mechanical, electromechanical, civil 
and electronic systems. The successful candi- 
date must be able to interact with graduate stu- 
dents and faculty to determine the functional 
specifications of such devices and help oversee 
the research laboratory work of graduate stu- 
dents. The person will be expected to design, 
develop, and implement a graduate level labora- 
tory course in instrumentation and measurement. 
The successful candidate is expected to have at 
least 5 years of experience in the design and 
construction of electronic circuits, software devel- 
opment for on-line data acquisition, and both low 
and high level programming skills for establishing 
communication between computers and instru- 
mentation. A minimum of a B.S. degree in mechan- 
ical or electrical engineering is required. A competi- 
tive salary and benefit package will be offered the 
successful candidate. The deadline for applica- 
tion is May 31, 1995. Send letter of application 
and resume to: Colorado School of Mines, 
Research Engineer Search #95-011510, 1500 
Illinois Street, Golden, CO 80401. CSM is an 
AA/EEO employer. Women and minorities are 
encouraged to apply. 


Postdoctoral Research Position: The Dept. of 


Electrical Engineering at the University of Ken- 
tucky is seeking to fill a postdoctoral position to 
further the development of full-wave analyses of 
microwave circuits and antennas, electronic and 
microwave packages, and bi-anisotropic materi- 
als. Prospective candidates should hold a Ph.D. 
in Engineering or Physics with strong experi- 
ence in computational methods. Please send 
resume and references to Dr. Stephen Gedney, 
453 Anderson Hall, Lexington, KY 40506 (email: 
gedney @engr.uky.edu.). 


The Department of Electrical and Computer 


Engineering at Concordia University invites 


begin equal, women candidates shall be given 
priority. Applications will be accepted until the 
position is filled. Applicants should send a 
resume and names of at least three references 
to: Dr. G. Joos, Acting Chair, Department of 
Electrical and Computer Engineering, Concor- 
dia University, 1455 de Maisonneuve Blvd., 
West, Montreal, Quebec, H3G 1M8, Canada. 
Phone: (514) 848-3080, Fax: (514) 848-2802, 
Email: geza @ ece.concordia.ca 


Director, Remote Sensing and Image Process- 


ing Laboratory, College of Engineering, 
Louisiana State University: Applications and 
nominations are sought for the position of Direc- 
tor of the Remote Sensing and Image Process- 
ing (RSIP) Laboratory in the College of Engi- 
neering. RSIP is a modern interdisciplinary 
laboratory which focuses on research related to 
Remote Sensing, Image Processing, Geo- 
graphic Information Systems (GIS), Global Posi- 
tioning Systems (GPS), Intelligent Transporta- 
tion Systems (ITS), Civil Infrastructure Systems, 
Communications, Technology Integration, Simu- 
lation and Modelling, and software engineering. 
The Laboratory has funded research projects 
with several government agencies including the 
U.S. and Louisiana Departments of Transporta- 
tion, Louisiana Department of Environmental 
Quality, FHWA, National Academy of Sciences, 
USAE Waterways Experiment Station, and 
National Aeronautics and Space Administration. 
Candidates should have the academic qualifica- 
tions (Ph.D. or equivalent degree) necessary to 


track record of success in external funding and 
scholarly activities and evidence of ability to 
work with academic, government, and industrial 
groups. Salary will be commensurate with expe- 
rience and accomplishments. Applications to: 


Rouge, LA 70803-6401 will be received until 
June 30, 1995, or until a suitable candidate is 
found, and should include a current resume and 
names, addresses, and phone numbers of three 
references. Appointment as early as Fall, 1995, 
will be considered. LSU is an Equal Opportu- 
nity/Affirmative Action Employer. 
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Faculty Position Announcements - Assistant 
Professor - Information Technology: The 
Department of Civil and Environmental Engi- 
neering at Massachusetts Institute of Technol- 
ogy is seeking candidates in the field of Applied 
Information Technology for a tenure track posi- 
tion at the Assistant Professor Level. Candi- 
dates should have a strong record of research 
and/or teaching concerned with the application 
of information technology to large scale civil 
engineering systems. Examples of relevant top- 
ics include (but are not limited to) real-time 
active building control systems, embedded con- 
dition assessment and monitoring systems, and 
predictive traffic management systems. Focus is 
on changing the functionality, nature or use of a 
civil engineering product. The successful candi- 
date is expected to have in-depth knowledge in 
several of the following areas: CAD, object ori- 
ented systems, knowledge based systems, 
database technology, software development 
methodologies and real-time systems. The 
Department is involved in a wide range of inter- 
disciplinary research activities at MIT, including 
the Center for Transportation Studies, the Cen- 
ter for Global Climate Change, the Center for 
Construction Research and Education, the Cen- 
ter for Educational Computing Initiatives and the 
Center for Technology, Policy and Industrial 
Development. Candidates capable of contribut- 
ing to the excellence of the research and educa- 
tional programs of these organizations are wel- 
come. Candidates should have received a 
doctoral degree by the time the appointment at 
MIT starts, and should have an active interest in 
both teaching and research at the university 
level. The Department of Civil and Environmen- 
tal Engineering is committed to seeking quali- 
fied minority and women faculty candidates. We 
strongly urge them to apply for this position. 
Applicants should send a c.v., undergraduate 
and graduate transcripts, a description of teach- 
ing and research interests and a list of refer- 
ences to: Prof. Robert Logcher, Chairman, Fac- 
ulty Search Committee, Department of Civil and 
Environmental Engineering, Massachusetts 
Institute of Technology, 77 Massachusetts 
Avenue, Room 1-253, Cambridge, MA 02139. 


The University of Toledo, College of Engineering 
- Chairperson, Department of Electrical Engi- 
neering and Computer Science: Applications 
and nominations are invited for the position of 
Chair of the Department of Electrical Engineering 
and Computer Science. Applicants should have 
an earned doctorate in electrical engineering, 
computer engineering, computer science or 
related discipline; a commitment to excellence in 
engineering education; an outstanding research 
and scholarship record; and strong leadership 
abilities. The successful candidate will also 
assume a tenured associate professor or profes- 
sor faculty position. The Department of Electrical 
Engineering and Computer Science has 29 fac- 
ulty and offers degrees in both Electrical Engi- 
neering and Computer Science and Engineering. 
Both programs are ABET accredited and the 
CSE program is also CSAB accredited. The com- 
bined full-time and part-time undergraduate 
enrollment in the department is 500 while the 
total graduate enrollment is 120. The Department 
of Electrical Engineering and Computer Science 
is one of six departments in the College of Engi- 
neering which has a combined undergraduate 
and graduate enrollment in excess of 2,300 stu- 
dents. The University is a state supported univer- 
sity enrolling approximately 24,000 students. The 
campus, located approximately five miles from 
the downtown area, is very attractive and is adja- 
cent to a fine residential section of Toledo. The 
University of Toledo is committed to faculty diver- 
sity and particularly encourages minorities and 


IEEE SPECTRUM MAY 1995 





females to apply. Applicants should send a 
resume, four references, and a letter outlining 
their qualifications and experience which make 
them strong candidates for the position. The 
Search Committee will begin to review applica- 
tions on July 1, 1995. To insure full consideration, 
all applications should be received prior to that 
date. The position will remain open and applica- 
tions will be reviewed on the 1st of each month 
until an appointment is made. Send all materials 
to Professor Phillip R. White, College of Engi- 
neering, The University of Toledo, Toledo, OH 
43606-3390. Email: pwhite @ uoft02.utoledo.edu, 
Fax: 419-537-2805. The University of Toledo is an 
Affirmative Action Employer. Women and minori- 
ties are encouraged to apply. 


Biomedical Engineering, Catholic University of 


America, Assistant Professor, tenure track, 
starting Fall semester, ‘95. Candidates expected 
to teach undergraduate and graduate courses 
and to develop a productive research program. 
Preference is for rehabilitation engineering, 
although candidates in all areas of biomedical 
engineering will be considered. Applications will 
be reviewed starting June 1 and will continue to 
be evaluated until position filled. Send resume 
and statement of teaching and research objec- 
tives, plus addresses and phone numbers of 3 
references to: Search Committee, Biomedical 
Engineering, The Catholic University of America, 
Cardinal Station, Washington, D.C. 20064. E- 
mail contact: winters @ pluto.ee.cua.edu. CUA is 
an equal opportunity/affirmative action employer. 


Government/Industry Positions Open 


Electrical Engineer for business in NE Ohio. To 


design PC card drive for PCMCIA type |, type Il, 
type III for desktop computers and upgrade Solid- 
State Drive for PCMCIA cards. This includes 
designing PC card drive hardware and software, 
including interface between ISA bus and PCM- 
CIA sockets, drivers capable of performing plug 
and play, linking Microsoft flash file system auto 
booting BIOS; improving the performance of 
Solid-State Drive for Flash card, static RAM card, 
OTP card for PCMCIA. Improvements include: 
hardware, software drive capable of faster speed 
and user-friendly. Must have B.S. in Computer 
Science or Electrical Engineering. Academic pro- 
gram must have included one course each in the 
following areas: Object oriented design (C++, 
Visual Basic), Advanced Computer System (ISA 
interface design), Solid-State drive (for Flash 
card, Static card and OTP card); and PCMCIA. 
Must have 6 mos in job described or 6 mos exp 
as electrical engineer. Exp must have included 
hardware and software in the area of Solid-State 
drives. 40 hrs/wk, 8:00am-5:00pm, $33,725/yr. 
Must have proof of legal authority to work indefi- 
nitely in U.S. Send resume, course transcript, and 
cover sheet in duplicate to T. Do, JO# 00850, 
Ohio Bureau of Employment Services, P.O. Box 
1618, Columbus, Ohio 43216. 


Senior Electrical Design Engineer: Engineering 


company in the Chicago area is seeking a 
Senior Electrical Design Engineer to design 
electronic energy saving equipment and auto- 
motive electronic products. A strong background 
in analog design and power electronics is 
required. Ability to design magnetics is desired. 
Responsibilities include project management, 
new product design and manufacturing liaison. 
Teamwork skills are necessary. International 
travel required. Flexible hours. Compensation 
dependent on experience; includes stock and 
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profit sharing. Send resume to ArdryTech LLC, 
1604 MacArthur Dr., Waukegan, Illinois 60087. 


Project Electrical Design Engineer Wanted: Must 


have consulting firm exp. with PE or EIT. Open- 
ings for Project Eng’s/Mgr’s. Mail resume to: J.E. 
Connelly, CS Associates, P.O. Box 30926, Tuc- 
son, AZ 85751-0926. (520)327-7999. Fees Paid. 


Tele Danmark Research: The Optical Communi- 


cations Department has an immediate opening 
for a 2- to 3- year research position in Optical 
Networks. The current emphasis is on develop- 
ing models/tools for planning the introduction of 
broadband services and architectures in the 
access part of the telecommunications network. 
The selected candidate must have a Ph.D. ina 
related field and a strong background in some 
combination of the following areas: network 
architecture planning/optimization, software tool 
development, object-oriented modeling, net- 
work simulation and performance analysis, and 
telecommunications economics. Interested 
qualified applicants are requested to send a let- 
ter of application, resume, and letters of recom- 
mendation to: Research Director Erik Nilsson, 
REF-P360, Tele Danmark Research, Lyngso 
Allé 2, 2970 Horsholm, Denmark. 


Electrical Supervisor: Under the direction of the 


Engineering/Maintenance Manager, the Electri- 
cal Supervisor supervises the Electrical Engi- 
neers and Electricians in the Hot Mill Depart- 
ment. The Electrical Supervisor is accountable 
for: interviewing, task assignment, supervision 
and evaluation of each subordinate under his 
direction. Additionally, the Electrical Supervisor 
is directly responsible for the following: making 
purchase inquiries and purchasing electrical 
equipment and supplies for the Hot Mill Depart- 
ment; supporting/suggesting new applications 
and manning machine interfaces using automa- 
tion technologies, including but not limited to 
Wonderware, Factory Link, Simovis, VAX; main- 
taining/repairing AC and DC drives, Cyclocon- 
verters, Simoverts, SimoRegs; supporting oper- 
ators in the operation procedures of a CSP 
Rolling Mill (use and operation of tunnel fur- 
nace, mill stands, and coiler); designing and 
implementing of requested changes in the Level 
1 and Level 2 systems of the CSP Rolling Mill; 
maintaining/repairing Isotope Measuring Sys- 
tem-Radiation Thickness Gauge, Width Gauge, 
and Laser Flatness Control System; maintain- 
ing/repairing/redesigning Machinefabrik Her- 
cules Controls Co., Roll Grinders, Kranco, DeS- 
hazo and Harnischfeger P & H Cranes, D.C. 
Traction Locomotives and remote control sys- 
tems for each; tuning RF transmitters and 
receivers; maintaining the Jackson Tamper; 
inspecting power distribution; monitoring ground 
faults for 4160 breakers; troubleshooting IBM 
systems, AS400 Systems; providing electrical 
consultation to other Nucor facilities as required; 
supporting other personnel with electrical/elec- 
tronic problems arising in the steel mill. B.S. or 
equivalent in electrical engineering required. 
Five years experience as Electrical Engineering 
Supervisor required. Qualified candidates 
should have the following special requirements: 
Ability to manage/support VAX Cluster, VAX 
System, and have familiarity in Fortran, Dec- 
Forms, DecWindows application programming; 
ability to engineer/design and install Ethernet 
Networks using bridges, gateways, and various 
adapters and pathworks, PC support and Lan- 
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tastic; ability to engineer/design and develop new 
basic automation applications using STRUC-G 
and Stage 5 software on Simadyn-D Systems, 
Siemens S5 PLC and Level | controls; ability to 
engineer/redesign, maintain, and repair electri- 
cal equipment in a CSP Rolling Mill using Oscil- 
loscopes, meggers, Hi-Pots, etc., also using 
preventative maintenance techniques and data 
acquisition systems; extensive knowledge of a 
continuous strip process down coiler, including 
ability to design, purchase, install, commission 
and maintain a down coiler; ability to program the 
VAX System to modify and add applications and 
have programming skills in Lantastic and the 
capability of writing database programs for appli- 
cations used in administrative uses and Fortran, 
VAC C, VAX, PLM 86. Forty hours/week. Hours 
Mon.-Fri. 7:00 a.m. to 5:00 p.m., $579.20/week 
base. Position in Armorel, Arkansas. To apply: 
mail resume with copy of advertisement 
attached to Employment Security Division, P.O. 
Box 1409, Blytheville, AR 72315. JO#838912. 
Must have proof of legal authority to work in the 
United States. 


Software Scientists/Engineers: Strong back- 
ground in optical computing and neural network 
technology for next generation products. Hard- 
ware experience desired along with C/C++ and 
Windows applications. M.S. or Ph.D. in engineer- 
ing, physics, or computer science. Resumes to 
Human Resources, Dept. #P95-SSE, 2330 Fara- 
day Ave., Carlsbad, CA 92008. EOE M/F/D/V. 


Power MOSFET Design Engineer, C.P. Clare Cor- 
poration. C.P. Clare is a leading supplier of solid 
state relays to the telecommunications industry. 
Candidate must have a strong device physics 
background and minimum M.S. Physics or Electri- 
cal Engineering. Proficiency with process/device 
computer simulation desirable and knowledge of 
power/high voltage MOSFET design essential. 
Familiarity with Cadence layout editor a plus. Prior 
design experience in industry would be a definite 
plus. Salary commensurate with experience. C.P. 
Clare Corporation offers a full benefits package 
and is an equal opportunity employer. Please 
send resume and cover letter with salary require- 
ments to: Manager Human Resources, C.P. Clare 
Corporation, Solid State Products Division, 8 Cor- 
porate Place, 107 Audubon Road, Wakefield, MA 
01880. No phone calls please. 


Senior Product Development Specialist: Design, 
implement, test and document administrative 
software applications, including payroll process- 
ing, personnel administration and state and fed- 
eral reporting for school districts in the State of 
Washington. Develop application software in the 
Progress programming language, utilizing struc- 
tured design methodologies and computer aided 
software engineering tools. Requirements: Bach- 
elor’s Degree in Business/Computer Science. 
Four years experience as Senior Product Devel- 
opment Specialist or as Management Informa- 
tion Systems Specialist. Three years designing, 
constructing and maintaining payroll and person- 
nel administrative systems; three years develop- 
ment experience in structured systems analysis 
and design, including logical and physical data 
modeling and relational database design; two 
years implementation experience with the 
Progress programming language and Xponent 
CASE tool in a DEC VMS environment; two 
years experience with Federal and Washington 
State school district accounting and administra- 
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tive reporting. Experience may be gained con- 
currently. References required. Must have legal 
authority to work in the United States. Job Loca- 
tion: Lynnwood, Washington. Salary: $37,276 
per annum, 40+ hougs per week, 8-5. By June 1, 
1995, send this ad and resume to: Employment 
Security Department, E&T Div. Job Order No. 
477685, Olympia, WA 98507-9046. Cover let- 
ter/resume must reflect all requirements. 


Electronics Design Engineer (Ref: 29195) to con- 


duct analytical studies on engg proposals to 
develop designs for electronic components, 
equipment, sys. & products, applying principles 
of electronic theory, design & engg; analyze 
technical features of sensor using modern qual- 
ity control theory for high quality design; analyze, 
select & update IC chips for new products; write 
new types of sensor technical documents; 
design, build & test prototype electrical & elec- 
tronic digital & analog circuits; design & develop 
various types of power supply equipment for new 
products, control interface equipment, network 
communication protocol for industrial control 
sys., micro-controller (Intel & Motorola) sys. 
using simulator & digital analyzer equipment; 
design real-time multiple tasks & graphic display 
s/w using Assembler & C language; design con- 
trol program using AB PLC-5 lattice language; 
write user operating manual; design network 
communication program to monitor production; 
direct technicians to operate the diagnostics to 
test products & assist in troubleshooting; use 
PCAD to design product Print Circuit Boards & 
ACAD for circuit schematic drawings; Reqs. 
Master's in Cmpt. Engg, Electrical Engg, Elec- 
tronic Engg or Electronic Tech. & 2 yrs. exp. in job 
offered or 2 yrs. related exp. as a Design or 
Cmpt. Engineer, Design Engineer & Develop- 
ment Group Manager or Cmpt Engineer. The 2 
yrs. related exp. must include each of the follow- 
ing: leading or supervising at least 2 engineers 
or technicians in electronic component design; 
microcontroller sys. design; controlling electronic 
circuits; prototyping electronic designs; design- 
ing printed circuit boards using PCAD & writing 
documents describing the electronic design; 
developing packaging & producing drawings for 
electronic components using ACAD. Must have 1 
grad. level course each involving, in whole or in 
part, the following areas: Real Time Languages; 
Assembly Languages & Mini Computer Sys- 
tems; Switching Circuits; Parallel Processing 
Hardware; Quality Control; Computer Network- 
ing. $3,634/mo. 40 hr/wk., 9-5. Send resume to 
7310 Woodward Ave., Rm 415, Detroit, Ml 
48202 & include Ref #. Employer Paid Ad. 


Seeking an E.E. knowledgeable in music-notation 


and composition for development (from patent 
specs.) of a mechanical music-printing com- 
puter apparatus for a possible joint venture. 
Contact: Joseph P. Acciani, 121 Webster Ave., 
Seaside Heights, NJ 08751-2331. 


Engineer, Electromagnetic: Design & analyze 


antennas & microwave components/systems. 
LJR is a dynamic, growing consulting firm 
whose work varies from antenna design & mod- 
eling to satellite systems analysis. Looking for 
bright, industrious, practical engineers at all 
experience levels. U.S. Citizenship. Send 
resume to John Mahon, LJR Inc., 360 N. Sepul- 
veda Blvd., Suite 2030, El Segundo, CA 90245. 


USAF/Armstrong Laboratory/Brooks AFB: Imme- 


diate postdoctoral position available in theoretical 
and numerical computations involving nonlinear 
optics, ultrashort pulse phenomena, laser-matter 


interactions, and nonlinear partial differential equa- 
tions. Applicant should have strong background in 
mathematical methods and a PhD (or near com- 
pletion) in Applied Mathematics, Physics, Electri- 
cal Engineering or a related field. Applications will 
be considered until the position is filled, however 
for timely consideration, please respond by June 
1, 1995. Applicant must be US citizen. Please 
send resume and a list of three references to Dr. R. 
Albanese, AL/OES, 8308 Hawks Road, Brooks 
AFB, San Antonio, TX 78235. 


Software Program Manager: By June 1, 1995, 


please send resume to: Employment Security 
Department, E&T Division, Job # 478354-G, PO. 
Box 9046, Olympia, WA 98507-9046. Job Order 
Number must be indicated on your response. Job 
Description: Designs complex software for micro 
computers under limited supervision. Coordinates 
program development, writes functional specifica- 
tions and standards, and performs functional veri- 
fication of object oriented data access software. 
Works with software architects to determine 
design of product, and with marketing team to 
determine technical vision of product and to 
deliver technical product presentations. Utilizes 
“C” and SQL programming languages and Win- 
dows and multitasking/multithreaded operating 
systems. Requirements: Bachelor's degree or 
equivalent in Electrical Engineering, Computer 
Science, Mathematics or Physics; three years of 
related experience is equivalent to one year of 
education. 2 years experience in job offered or as 
a Programmer and Software Designer to include 
one year of work experience in each of the follow- 
ing: design and implementation of database man- 
agement system software and client-server rela- 
tional database applications, programming or 
software design utilizing “C” and SQL languages, 
designing and implementing software to run on 
Windows and multitasking/multithreaded operat- 
ing systems, and object oriented software design. 
Experience must include 20 course hours in busi- 
ness, marketing, and/or economic analysis or six 
months work experience in business marketing. 
Experience may be gained concurrently. Must 
have legal authority to work in the United States. 
Job Location: Seattle Area Employer. Salary: 
$50,000-$54,000 per annum, depending on expe- 
rience. Compensation package includes bonuses, 
stock options, and other benefits. 40 hours per 
week, flex time. EOE 


Transmission Plant Engineer A: Work Schedule 


8:00 A.M. - 5:00 P.M. 40 hrs/wk. $1087.80 p/wk. 
Engineer and develop specifications, standards, 
power/computer hardware requirements and 
electrical protection systems of facilities lighting 
systems, electrical controls (for hydraulic and 
shop floor pneumatic machines in moving assem- 
bly lines), and computer numerically controlled 
machines with data acquisition at Engine/Trans- 
mission Plants and at vendor sites, for manufac- 
ture of passenger car automatic transmissions. 
Establish power requirements, electrical safety 
standards, and specifications for powertrain 
machining equipment (milling, boring, grinding), 
assy. systems including (material handling, 
automated parts washers, heat treat systems) 
and test facilities. Master, Electrical Engineering. 
Three years experience in job or Related Occu- 
pation of Project Engineer. Three years of 
Related Occupation experience shall include 
engineering of heavy industrial computerized 
machine control systems in manufacturing shop 
floor, with development of material handling, 
inventory control, production control and sta- 
tusing systems, including statistical quality 
control analysis and advanced electrical pro- 
tection systems, which may be concurrent with 
related occupation experience. Employer Paid 
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Ad. Send resume to Job Service, 7310 Wood- 
ward Avenue, Room 415, Detroit, MI 48202, 
Reference No. 52595. 


Applications Sales Engineer - Latin America 
Region. Work Schedule 8:00 A.M. - 4:30 P.M. 40 
hrs/wk. $960.00 P/Wk. Identify and assure prod- 
uct engineering changes to U.S.-manufac- 
tured/designed static exciter system, voltage 
regulator, protective relay and magnetic trans- 
former products, to conform with specification 
requirements for sale in Mexico and South/Cen- 
tral American countries. Meet and confer with 
South/Central American government agency 
officials to explain/define U.S. corporate prod- 
uct/quality standards, identify product specifica- 
tions/changes made to comply with their local 
power/safety/labeling standards, and obtain U.S. 
products registration according to local require- 
ments, assuring local market compliance. Iden- 
tify requirements and communicate with U.S. 
production plant for meeting importation require- 
ments. Obtain and complete annual foreign gov- 
ernment product and company registrations in 
Mexico and South/Central American markets, 
including patent protection for proprietary high 
tech products. Direct and manage technical 
engineering, sales and marketing activities in 
Latin America including training of customers, 
engineering/technical staffs. Bachelor Degree, 
Electronics and/or Communications Engineer- 
ing. Three years experience in job or Related 
Occupation of Applications Engineer. Three 
years of Related Occupation experience must 
include identification and assurance of proper 
engineering changes and compliance with Mexi- 
can and South/Central American market require- 
ments for engineering and exportation of U.S. 
protective relays and other utility and power gen- 
eration products to conform with and be admitted 
to Latin American countries, which may be con- 
current with Job or Related Occupation experi- 
ence. Applicant will be required to undertake 
25% overnight travel (equal to approximately 1 
trip per month) to Latin America. Employer Paid 
Ad. Send resume/application to Arkansas 
Employment Security Department, P.O. Box 
1460, Jonesboro, AR 72403, Ref. #838928. 


Electronics Engineer: The U.S. Army Research 
Office is seeking an individual to aid in the 
administration of an extramural research pro- 
gram in mobile tactical communications net- 
works; sensor, signal, and information process- 
ing for target acquisition and image analysis; or 
the linking of telecommunication or target acqui- 
sition algorithms with digital processing hard- 
ware. Duties include analyzing and evaluating 
proposals and reports; maintaining liaison with 
contractors; analyzing contractor performance; 
maintaining familiarity with the status of 
research programs relevant to Army needs; and 
disseminating program policies, procedures and 
results to interested parties. This is a Federal 
civilian position at the GS-12 grade level 
($45,214 - $57,542 per annum). Applicants 
must possess a doctoral degree in electronics 
engineering. To obtain a copy of the vacancy 
announcement and application forms, contact 
U.S. Army Research Office, Attn: AMXRO-HR, 
P.O. Box 12211, Research Triangle Park, NC 
27709-2211, Ph: 919-549-4212. Closing date is 
May 26, 1995. An Equal Opportunity Employer. 
U.S. Citizenship Required. 


Medical Ultrasound Engineer: Engineer with 
10+ yrs. exp. in design of medical U/S imaging 
systems. Familiar w/physics of sound propaga- 
tion & evaluation of acoustic path materials; 
signal processing path electronics (beamform- 
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ers, pulsers, etc.); evaluation of U/S image 
quality & understanding of system/transducer 
parameters that affect image quality. Expertise 
in design of analog, RF & digital signal pro- 
cessing components. At least an MSEE with 
emphasis in signal processing. Job location: 
Seattle. Send resume/salary requirements to: 
NeoVision Corp., 319 Nickerson St., Box 142, 
Seattle, WA 98109. 


Electrical Project Engineer needed to coordinate 


industrial/commercial contracting plans & indus- 
trial control panel schematics & life-cycle design. 
Design electrical systems. Fabricate/test/trou- 
bleshoot industrial control panels. Define mate- 
rial requirements based on design, review & 
analysis. Coordinate engineering estimates. 
Direct prep. of equipment & materials. Inspect 
electrical installations & ensure operational stan- 
dards. Commission & start up projects. Work will 
incl. oversight responsibility for electricians & 
technicians, w/significant travel aboard foreign 
flagged vessels. Requires: B.S. in E.E. w/course 
work in control systems & electrical materials 
science; & 6 yrs work exp as electrical engineer 
on life-cycle design, construction, maintenance, 
repair, sales & troubleshooting for all types of 
electrical panels (incl control, alarm, relay, pro- 
tection, metering, C&l, & programmable logic 
controllers) incl independent project responsibil- 
ity for 50 cycle work in high, med & low voltage 
areas. Exp must incl work on electrical equip 
made by Siemens, GE, Westinghouse, Stork & 
Asea-Brown Boveri & 3 yrs of independent pro- 
ject mgmnt w/supervisory responsibility. Salary: 
$41,600/yr, 40 hrs/wk in Seattle, WA. Send 
resume by 06/03/95 to: Job Order #472165S, 
Employment Security Dept., E & T Div., PO Box 
9046, Olympia, WA 98507-9046. 


Electrical Engineer for Northeast OH steel pro- 


ducer to utilize Autocad, Programmable Logic 
Controllers (PLC), Modbus Plus Network & 
CMC drives to research, develop & design 
electrical components, equipment, systems, 
instruments, controls & procedures for use in 
steel production, including burn/cut scrap steel, 
re-meltiny & scale pit operation; build & modify 
electronic option boards for industrial applica- 
tions; test to conform to functional specifica- 
tions & requirements. Applicants will qualify 
with BS in Electrical Engineering (must have 
completed at least one course each in com- 
puter networking, advanced digital design & 
systems software/operating systems) & 6 
months in the job described or 6 months in 
building & modifying electronic option boards 
for industrial applications & with burn/cut scrap 
steel, re-melting & scale pit operations. Experi- 
ence may have been gained before, during or 
after degree. Must have completed a year long 
co-op program in conjunction with Electrical 
Engineering major. Must provide copies of 
degree(s), transcript(s) & letter(s) confirming 
the required experience. 40 hours/week, 
8:00am-5:00pm, M-F, $36,000/year. Send 2 
resumes, cover letters and copies of degree(s), 
transcript(s) & letter(s) confirming the required 
experience (no calls) to T. Do, Job#965, Ohio 
Bureau of Employment Services, PO Box 
1618, Columbus, OH 43216. 


Power Design Engineer: Design new power supply 


for induction heating and DC welding. Start from 
concept, simulate in SPICE, set up prototype, run 
test, draw detail schematics and layout PCB for 
final products. Calibration and troubleshooting on 
these induction heating high frequency and DC 
welding power supply (up to 200 kW/30kHz), 
mainly using power IGBT, SCR and MOSFET. 
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Redesign and maintenance AC power supply and 
Control System for plant and shop. Documentation: 
circuit schematics, Test instruction, user's manual 
and product documentation. Req'd: M.S. in Electri- 
cal Engineering with 1 year exp. in the job offered or 
1 year exp. in a related occupation such as Electri- 
cal Engineer. Related experience must include 
Redesigning, testing, troubleshooting, maintaining 
power system and control system. Academic back- 
ground must include Courses/Topics each in: 
Power Transmission and Distribution, Power Elec- 
tronics, Control System/Theory and Digital Sys- 
tems Design. 40 hrs/wk. Overtime as required. 8:00 
am. -5:00 pm. $39,828 per year. Send resumes to: 
7310 Woodward Ave., Rm. 415, Detroit, Ml 48202. 
Ref.#31795. “Employer Paid Ad” 


Program Management Position/Electronics Engi- 


neer/GS-855-13 ($51,688-$67,192). Position 
may be filled at GS-855-14 level ($61,081- 
$79,402). The Space Influences on Terrestrial Envi- 
ronment Branch of the Space Environment Labo- 
ratory (SEL) of NOAA’s Environmental Research 
Laboratories invites applications for an Electronics 
Engineer specializing in program management. 
The position is located in Boulder, Colorado. The 
incumbent must have experience and demon- 
strated skills in the management of contracts with 
the aerospace industry for the procurement of 
satellite systems and subsystems, in the theory, 
principles, practices, and techniques of electronic 
engineering and the design and operation of satel- 
lite systems and space flight instrumentation. 
Knowledge of the design and operation of charged 
particle detectors and magnetometers, satellite 
telemetry, data acquisition and processing sys- 
tems, Federal contracting procedures and policies, 
and general knowledge of Solar-Terrestrial physics 
are desirable. The incumbent will be responsible 
for the technical management and financial over- 
sight of space environment monitoring sensor 
systems flown on polar and geostationary space- 
craft. The incumbent will also be responsible for 
routine performance assessment of sensors after 
launch and will serve as the principal interface 
with SELs scientific staff on technical aspects of 
satellite sensor design and operation, both for cur- 
rent and future instruments. Copies of the 
vacancy announcement listing qualifications, 
selective and quality ranking factors, and instruc- 
tions on how and where to apply may be obtained 
by calling the DOC Jobline at 303-497-6332. For 
the hearing impaired telephone 303-497-3014. 
Please reference the vacancy announcement 
number: MASC/NOAAQ5-086LR. Completed 
applications must be received in the Personnel 
office at U.S. Department of Commerce, NOAA/ 
Personnel Division, MC24, 325 Broadway, Boul- 
der, CO 80303-3328 by the close of business May 
31, 1995. The U.S Department of Commerce is 
an equal opportunity employer. U.S. citizenship is 
required. 
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MSEE, 2yr exp. DSP/Image/Video Compression. 


Excellent verbal and written skills. Will relocate. 
Box 72098, Roselle, IL 60172-0098. 


BSEE, dual national, French/American, 18 yrs exp 


elect utility field incl proj mgmt. seeks position in 
France with int'l firm. Reply: R. Heldt, 34 rue des 
Grouettes, 92160 Antony, France. Ph. (33 1)46 
60 12 13. 
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advertising section provides a monthly, distinctive 
focus on both new and commercially established products and services. 
They offer practical solutions for engineering and scientific professionals in 
today’s fast-paced, rapidly changing high-tech environment. 


Circle the corresponding number on the Reader Service Card. 
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PROTOTYPE CIRCUIT BOARDS 
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MULTI LAYERS 
¢ Up to 20 Layers 

¢ Flex & Rigid Flex 
¢Thin Cores - .002 


LAMINATES 
° FR-4 * Teflon ¢ Polyimide 
¢ Any specialty lamination — Cyanate Ester, BT 


FINE PITCH CAPABILITY 

¢ UL Approved-2 mil Lines 

¢ Surface Mount & Conventional Design 
* Selective Gold & Solder 

* In-house Laser Photoplotting 


DEH Printed Circuits, Inc. 
840 Church Road, Elgin, IL 60123 
(708) 468-0001 Fax (708) 468-0002 
24 Hour Modem (708) 468-0003 
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¢ Blind & Buried Vias 
¢ Controlled Impedance 
¢ Controlled Dielectrics 
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Free Instrumentation Reference and Catalog 
National Instruments is providing a 1995 catalog detailing computer- 
based data acquisition, instrument control and data analysis products. 
Includes information on exciting new products and technologies such 
as Plug and Play boards, Power Macintosh software, Test Execu- 
tives, SPC and SQL add-ons, HP-UX instrument control, PCMCIA 
inter-faces and VXlplug & play. There is also information on 
customer education classes. Includes tutorials and glossary. 

National Instruments 
6504 Bridge Point Parkway 
Austin, Texas 78730 
(512) 794-0100 
(800) 433-3488 (US and Canada) 
Fax: (512) 794-8411 
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Read Real-Time Data from Any Serial Device 
into Any Application - Lotus, dBASE, Excel, etc.. 
Full 2-way I/O with many advanced features. 
No Hardware or Programming Required! 


For Free Info. Call 800-722-6004 


DOS ver. $159, Windows ver. $199. Pro ver. Available 


TAL. Enterprises, 2027 Wallace St., 
Philadelphia, PA 19130. (215) 763-2620 
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Learn MICROCONTROLLERS 
EMBEDDED SYSTEMS and 
PROGRAMMING with .@.. 
the New AES-10 1G 


The AES-10... a complete learning system, a complete 

embedded control system. Extensive manuals guide you through 

your 8051 development project, Assembly, BASIC, and C 

programmable, All hardware details, complete schematics. Learn to program the 
LCD, keypad, digital and ani s . The entire board is software reconfigurable 
for your applications. Ev u need, nothing extra required 


TRS PAH CC Ca LL 


|* 32K Byte ROM , 32K Byte RAM * 2 by 16 Liquid ] 

Crystal Display * 4 by 5 Keypad * Two serial ports | 
+ 5 interrupt sources * 3 timers * A/D , D/A, PWM 
and digital I/O * Built in Logic Probe * Power supply 
(can also be battery operated) * Extended Intel 

| BASIC and AES Monitor in ROM ¢ RS-232 cable to 

| connect to PC for programming * 8051/52 DOS Cross 
Assembler * Program disks with well documented 

| examples * User’s Manual, Language Manual, and 

| Text (over 400 pages). | 


AES-10 $285 Complete Free Info Pack, M/C Visa 
Money Back Guarantee 





714 - 550-8094 
Fax 714 - 550-9941 


AES CALL 1 - 800 - 730-3232 


z 
970 W. 17th St, Santa Ana, California, 92706 USA 
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See the latest advancements and research in 
the joint applications of fuzzy logic and neural 
networks techniques... 


FUZZY LOGIC AND 
NEURAL NETWORKS 
Clips from the Field 


This video program 
consists of video 
clips documenting 
significant 
achievements and 
current advances in 
the fields of fuzzy 

. logic and neural 
networks. 


IEEE Member Price: $120.00 List Price: $150.00 
NTSC Order #: HVO330-1-PZO ISBN O-7803-0366-0 
PAL Order #HV0334-3-PZO ISBN O-7803-0376-8 


For fastest service, call 


1-800-678-lEEE 


(1-908-981-0060 outside the U.S.) 
or fax: 1-908-981-9667 (Ga 


The Institute of Electrical and Electronics Engineers, Inc. 
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XFDTD 


The X-Window Graphical User Interface that 
provides interactive menu control of Finite 
Difference Time Domain calculations 


















O Electromagnetic Field Analysis 

Q Interactively mesh geometries 

QO Use menus to set calculation 
parameters 

Q Visualize fields using color intensity 
QO) Antenna impedance vs frequency 

Q Biological Effects including SAR 

QO Microwave Circuits 

QO Electromagnetic Coupling and 
Shielding 


REMCOM, Inc. 
Calder Square 
PO Box 10023 

State College, PA 16805-0023 


Phone/Fax 814-353-2986 
e-mail remcom@netcom.com 
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Turn Your Multimedia PC into a 
Powerful Real-Time Spectrum Analyzer 


Features 

* Dual channel FFT Analyzer 

+ Narrowband and 1/3 Octave 

* Real-Time, Record, 
Playback, or Post Process 

* Time Series, Spectrum, 
Phase, 256 Color 
Spectrogram and 3-D 
Surface plots 

* FFT sizes through 16,384 pts 

* Digital Filtering 

* Signal Generation 

* Decimation and Triggering 

* Overlap Processing 





















Call Now for Free Demo! 
1-800-401-3472 


System Requirements 

* 386/486/Pentium and Windows 3.1 
* Windows compatible sound card 
*4 MB RAM minimum 

* Mouse and Math coprocessor 







Applications 

* Acoustic Research 

* Distortion Measurements 

* Noise Analysis 

* Frequency Response Testing 
* Vibration Measurements 














* Transfer Function Measurements * 256 Color VGA (for spectrogram) 










$ Software $ 2 Software plus pro 
only quality* sound card 
Affordable Signal Processing Software 
PHS sees Spectra Plus 
- Po 


bulsho, WA 98; Professional Edition 












Tech Info: 360-697-7733 * Fax: 360-697-7730 * BBS: 360-697-7717 
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E-M Analysis for Windows 
2D and 3D electromagnetics simulation is 
now available for PC's running Microsoft 
Windows. MagNet 5.1 lets you cut/paste 
field plots, graphs, and other data directly 
into Windows applications to generate 
reports. Fully adaptive solutions tailored to 
user-defined error criteria... Free demo disk. 


INFOLYTICA: the e-m specialists 
US/int'l: (514)849-8752; fox: (514)849-4239 
Europe: +44.123.583.3288 Japan/ADTECH: (03) 5276-5291 
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5 MHz DATA ACQUISITION 

The ultimate 12-bit data acquisition board can 
acquire 8 Million A/D samples while simultaneously 
outputting 8 Million D/A samples and TTL vectors, 
from your SUN Workstation. 

Four analog inputs, twin 5 MHz 12-Bit A/D and 
D/A converters, and huge 16 MB RAM allow use 
in the most demanding scientific and industrial 
applications. 


ULTRAVIEW CORP, 475 Yampa Way, Fremont, CA 94539 


PHONE (510) 657-9501 U eT RAVI yh 


Fax (510) 657-0927 
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“The best engineering-based text by a 
considerable margin...no one who works with 
neural networks should be without this book.” 

-James A. Anderson, Brown University 
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Foundation 


by Simon Haykin, 
McMaster 
University 
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IEEE Member Price: $56.00 List Price: $69.95 
Order #: PC0403-6-PZM 


For fastest service, call 


1-800-678-lEEE 


(1-908-981-0060 outside the U.S.) 
or fax: 1-908-981-9667 


The Institute of Electrical and Electronics Engineers, Inc. 
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Your Ad Here! 





YOUR HEADLINE 
This area may be used by advertisers to 
detail their ad message in 50 words or 
less. Just provide typed copy with ap- 
propriate direction for emphasis (bold, 
underscore, etc.) we'll do the rest. Be 
sure to include repros of your company 
logo, etc. Indicate if you wish us to set ad- 
dresses, phone #, etc. For rates phone 
212-705-7312 and production infor- 
mation, phone 908-562-6334. 
COMPANY NAME/LOGO HERE 
Mailing Address/Phone 
AD SIZE: 2%" x 3" 














Development Time. 
Increase Performance. 
Improve Results. 


FOR WINDOWS 


A high-performance integrated data analysis 
tool with a high-level matrix language, 
extensive graphics, functions, and a debugger. 


_auseful tool for 
anyone who needs to 


perform data analysis." 
—John Cratty, 
EEE Computer 


Statistics * Optimization + Integration * Filtering * ODEs * FFTs 
Matrix factorization * AR simulation * Spectral analysis * and More 
CALL FOR FREE DEMO Disk 


1-800-895-4546 
HARMONIC SOFTWARE, INC. 
FAX 206-367-1067 © harmonic@world.std.com 
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Gain approval of top management! 
Learn from this hands-on reference to better 
communications techniques... 


WRITING IN THE 
TECHNICAL FIELDS 


A Step-by-Step Guide for 
Engineers, Scientists, and 
Technicians 


by Mike Markel, 
Boise State 
University 
This comprehensive and infor- 
mal guide combines leading- 
edge research with practical 
advice and provides a simple, 
effective system for writing any 
kind of technical document. 
IEEE Member Price: $17.50 List Price: $21.95 
(softcover) Order #: PP0385-5-PZN (sc) 
IEEE Member Price: $25.00 List Price: $29.95 
(hardcover) Order #: PC0385-5-PZN (hc) 
For fastest service, call 


1-800-678-lEEE 


Ube dts badsH ine lo] oleh eco al OB) 
or fax: 1-908-981-9667 








The Institute of Electrical and Electronics Engineers, Inc. 
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m Create designs & prototypes visually using 
Multiple Extended State Diagrams with 
Hierarchy, Internal Concurrency, Visual 
Synchronization and Visual Priorities 

@ Visual Basic, C, C++, VHDL & Verilog HDL 
Code Generation 

@ Animation 


Call for Demo Disk 
i ele 4 4 


408 
























Smaller than a credit card and 
C-programmable! Ask for our free 
Dynamic C™ demo disk. Call our 
AutoFAx 916-753-0618 from your 
FAX. Request catalog #18... 






Sg 8s 





. 1724 Picasso Ave. 
Davis, CA 95616 
916.757.3737 
916.753.5141 FAX 
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Special Discounts for Users of Competitive Simulators 


Powerful Simulation Value 
Simulate all types of designs: Power, ASIC, RF, 
Mixed Mode, Control Systems, and Mixed 
Technologies (Electrical, Mechanical, and Physical) 


IsSpice4, Real Time Interactive Simulation 
Enhanced SPICE program based on Berkeley 
SPICE 3F.2. Performs AC, DC, transient, and 
temperature, Noise, Distortion, Fourier analyses and 


Cross-Probing directly on the schematic! 
UNLIMITED CIRCUIT SIZE 


Completely Integrated System 


6000+ models, and Data Post Processing 






Platform and Product Support 


. ALL Macintosh and Power Macintosh Platforms. | | 
FREE SPICE modeling assistance, Intusofttechnical 77 


Newsletter, and CompuServe/Internet Forums. 


= _P.0.Box710San Pedro, Tel. 310-833-0710 . affordable Prices - $95-$2595. 


intusoft — ©A90733-0710 
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more. Includes a “Real Time” waveform display, } 
Behavioral Modeling, and Interactive Waveform J 











Systems include Schematic Entry, advanced 
SPICE Simulator, Extensive Model Libraries (over jf 














ProtoSim “ 


Speed Control System 
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Affordable PC based graphical block 
diagram software for modeling, analyzing 
and simulating linear and nonlinear dynamic 
systems. This new version contains Bode 
and Nyquist analysis, FFT, selectable time 
bases, digital filter simulation capability, fast 
signal convolution, and more. Used by 
industry and universities for the rapid design 
and simulation of systems and components. 


A great buy at only $149 


plus shipping and handling 


Systems Engineering Associates Inc. 
Box 3417 RR#3 Montpelier, VT 05602 
(802) 223-6194 
Fax: (802) 223-6195 
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MIXED-MODE 
CIRCUIT SIMULATION 


NEW RELEASE 2.7 
Integrated, powerful, easy to use 


TopSPICE 


True Analog/Digital/Behavioral 
Mixed-Mode Circuit Simulator for PC 


© Complete SPICE analog simulator with extended syntax. 
© Fully integrated event-driven logic simulator. 
© Analog Behavioral modeling using arbitrary equations, 
Laplace transforms and look-up tables. ¢ Analog and 
digital model libraries. © Monte Carlo analysis. 
© Graphical post-processor. © Schematic entry. 


Call or write for 
FREE DEMO disk 
800-272-0674 

P.O. Box 10358 Fax (818) 347-9240 


Canoga Park, CA 91309, (818) 347-9203 











Numerical integration, | 
solution and more, with ‘only 


30 dds money back guarantee 


N2L 5BI Canada 


CALL 519-888-9906 
FAX $19-725-9522 


VISA” | 24 Combermere Crescent : 
| VISA™ | MasterCard 
fi » i Waterloo, Ontario 

















Your Ad Here! 





YOUR HEADLINE 
This area may be used by advertisers to 
detail their ad message in 50 words or 
less. Just provide typed copy with ap- 
propriate direction for emphasis (bold, 
underscore, etc.) we'll do the rest. Be 
sure to include repros of your company 
logo, etc. Indicate if you wish us to set ad- 
dresses, phone #, etc. For rates phone 
212-705-7312 and production infor- 
mation, phone 908-562-6334. 
COMPANY NAME/LOGO HERE 
Mailing Address/Phone 
AD SIZE: 2%" x 3" 








The most comprehensive, contemporary 
handbook produced in decades... 


THE ELECTRICAL 
ACT head 
HANDBOOK 


edited by 
Richard C. Dorf, Flectrical 
Co-published RRC 
with CRC Press ace 
This landmark book should 
be on every engineer's 
bookshelf. It features over 
2,600 pages brimming with 
valuable definitions, tables and formulas from over 
250 leading authors, professors, and researchers 
in the field. 
IEEE Member Price: $65.00 List Price: $72.00 
Order #: PC0394-7-PZL 
For fastest service, call 


1-800-678-lEEE 


(1-908-981-0060 outside the U.S.) _~ 
or fax: 1-908-981-9667 r Ge , 


The Institute of Electrical and Electronics Engineers. Inc. 
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SET 


The Smart Choice for 
Electromagnetic 
Simulation 





* Ideal for designing electric motors, solenoids, 
permanent magnet devices, magnetic shields, 
disk drives, and other electrical systems. 

¢ Unparalleled efficiency, model and solve your 
complex design problems in minutes on a PC. 

¢ Ultimate in user-friendliness, start modeling 
your problems within hours without training. 

* Sophisticated pre-processor, DXF translator, 
transparent meshing. 

¢ Powerful post-processing calculator: fluxes, 
forces, torques, inductances, capacitances... 

* Multi-field coupling, run thermal and stress 
analysis on your EM models. 

¢ Incredibly low prices. 


Call for your evaluation copy. 


we. Tera Analysis 
Tel: (818) 831-9662_FAX: (805) 493-2172 
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PCMCIA 


The GPIB-Card 


.»-Asyst, DaDisp488, 
DasyLab, Dia/Daco-Pc, 
D1aDem, DigiS, Disan 
disylab, Frame/Famos 
Hp-vee, Hp Instrument 
Basic for Windows, 
H1-Basic, LabView, 
LabWindows, TestPoint, 


ViewDac, VisualDesigner | 


...and all applications 
written for the Nec 7210! 
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A The Lantek Pro XL local-area network cable 
tester, from Wavetek Corp., performs a com- 
plete suite of tests, including dual near-end 
crosstalk, at frequencies up to 100 MHz. 


esigned for testing Category 5 

unshielded twisted-pair (UTP) 

cabling for local-area networks 
(LANs), the Lantek Pro XL completes 
the entire test sequence in 40 seconds. 
Included in the sequence are near-end 
crosstalk (from both ends of the cable), 
line mapping, attenuation, dc resis- 
tance, mutual capacitance, and cable 
length. Since the meter makes measure- 
ments at frequencies up to 100 MHz, it 
suits the latest technologies as well as 
lower-frequency Ethernet and token- 
ring networks. The hand-held in- 
strument also calculates the attenua- 
tion-to-crosstalk ratios. 

In addition to Category 5 UTP, the Pro 
XL will run individual tests or complete test 
sequences on lower-grade UTP, foil twist- 
ed-pair, shielded twisted-pair, and coaxial 
cabling. It stores the results of 500 date- and 
time-stamped tests either for later transfer 
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to a PC for extended storage or analysis or 
for later transmission to a printer. 

To help with the diagnosis of network 
problems, the meter features an imped- 
ance-scanning, multipoint time-domain re- 
flectometry mode to locate faults any- 
where along the cable, including the most 
usual source of problems—the connectors. 
It also measures noise, another common 
cause of problems. 

The two-piece instrument comes com- 
plete with software, basic wiring adapters, 
and a dual-bay quick charger for simulta- 
neously charging two batteries. It lists for 
US $4495. Versions with special configu- 
rations, including language support and 
custom cabling, are intended for use 
outside the United States. Contact: Wavetek 
Corp., Instruments Division, 9045 Balboa Ave., 
San Diego, CA 92123; 619-279-2200; fax, 619- 
565-9558 or 619-627-0132; or circle 100. 


Portable spectrum analyzer 
covers kilo- to gigahertz 
A it is, at 15.4 kg and 0.03 m3, 

ardly a hand-held instrument, the 
R3272 spectrum analyzer from Advantest 
Japan is rather light and compact for its 
specifications and features. The unit cov- 
ers the frequency range from 9 kHz to 
26.5 GHz with a resolution of 300 Hz to 
5 MHz and a dynamic range of 100 dB. 

It uses direct digital synthesis to mini- 
mize the need for a frequency counter 
when frequencies must be determined to 
high accuracy. It also sports a 256-color 
active-matrix liquid-crystal display. 

The R3272 can display four measure- 
ment windows simultaneously. In one it 
can show, for example, a transmitter signal 
and in two more windows the character- 
istics of adjacent channels, giving the user 
the opportunity to see how variations in 
one window affect the others. Its 10 active 
markers simplify the evaluation of all sig- 
nal characteristics. 

A broad array of application-specific 
measurement routines are stored in the 
analyzers ROM. Routines of this kind 
save a lot of time for the engineer, who 
can measure such parameters as adjacent 
channel power, occupied bandwidth, and 
harmonic levels at the touch of a button. 
In addition, the unit's two PCMCIA inter- 
faces make it easy to add routines and to 
update the instrument's firmware. Those 
interfaces may, of course, also be used to 
store measurement data. 

The R3272 is obtaniable through Tek- 
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A Intended for testing satellite and terrestri- 
al microwave communications systems, 
Advantest Japan’s R3272 spectrum analyzer 
covers the range from 9 kHz to 26.5 GHz. Its 
readout is a 256-color, thin-film-transistor, 
liquid-crystal display. 


tronix Inc. in the United States, at a price 
of $28 990. Contact: Tektronix, Measurement 
Business, Literature Distribution Center, Box 1520, 
Pittsfield, MA 01202; 800-426-2200 (when 
prompted, press 3 and ask for program 379); in 
Japan, Advantest Corp., Shinjuku-NS Building, 
4—1 Nishi-Shinjuku 2-chome, Shinjuku-ku, 
Tokyo 163-08, Japan; (81+3) 3342-7500, or 
circle 101. 


Test equipment 
oltec Corp. has daccibed its complete 
line of test and measuring instrumenta- 

tion (and other things) in a colorful 1995 

catalog. The 66-page volume is organized 

in eight, slightly confusing sections, as fol- 
lows: transportation (special-purpose vehi- 
cle-testing equipment, including a driving 
robot); sensors and signal conditioning 
(strain gages, load cells, instrumentation 
amplifiers, and the like); PC-based prod- 
ucts (mostly boards for data acquisition), 
data acquisition (transient recorders and 
data loggers), recorders (chart recorders), 
oscilloscopes and multimeters; test instru- 
ments (a melange of special- and general- 
purpose units like a pH meter, sweep func- 
tion and pulse generators, counters, spec- 
trum analyzers, and power supplies that 
did not fit anywhere else), and tool kits, 
The catalog is offered free of charge. 

Contact: Tim Shannon, Soltec Corp., Sol Vista Park, 

12977 Arroyo St., San Femando, CA 91340-1597, 

818-365-0800, ext. 404, toll-free, 800-423-2344, 

ext. 404; fax, 818-365-7839, or circle 102. 








Mathematica does optics 
At tool is at the disposal of design- 
ers of lasers, not to mention assorted 
holographic, spectroscopic, illuminating, 
and optical systems in general. Optica, as 
it is called, is the latest add-on to Wolfram 
Research Inc.'s Mathematica, the well- 
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known symbolic mathematics package. 

Optica can call on extensive libraries of 
lenses, mirrors, prisms, gratings, pinholes, 
screens, optical fibers, and many other 
customizable components. In addition, it 
has facilities for creating components when 
they are needed. 

Source code is included, so that users 
may examine components or ray-tracing 
functions and modify or extend them at 
will. The feature gives the package great 
flexibility and the capacity to handle a wide 
variety of design and analysis problems. 

Optica runs on all platforms that sup- 
port versions of Mathematica with the 
notebook front end. These include Win- 
dows PCs, Macintosh computers, and sev- 
eral Unix and reduced—instruction-set 
computing (RISC) workstations. The 
package has a price of $695. It requires 
Mathematica 2.2, which has a commercial 
price of $995 and an academic price of 
$795. Contact: Wolfram Research Inc., 100 
Trade Center Dr., Champaign, IL 61820-7237, 
247-398-0700, fax, 217-398-0747, toll-free, 
800-441-6284, in Europe, (44+993) 883 400, or 


On the AIR 
D: you feel that IEEE Spectrum and the 
other journals you read, excellent 
though they are, have failed you by ignor- 
ing the scientific efforts and achievements 
of supermodel Cindy Crawford as docu- 
mented in such research journals as Vogue, 
Cosmopolitan, and Elle? If so, you will doubt- 
less be relieved to learn that AIR (Annals of 
Improbable Research) has started a new col- 
umn, “Cindy Crawford Discovers," to rem- 
edy the situation. The column highlights 
Ms. Crawford's work in such fields as 
shampoo research, citing original sources 
(in this case, Vogue, January 1995, p. 11). 
But there is much more to AIR than its 
newest column. AIR readers have learned 
about such matters as motion sickness in 
amphibians, waist-to-hip ratios in Miss 
Americas and Playboy playmates, the be- 
havior of Japanese tree frogs under mi- 
crogravity, hypercapnia during retching 
in dogs, and the collapse of toilets in 
Glasgow. They have also had the good 
fortune to learn the views of a Nobel 
laureate on supermarket etiquette, with 
emphasis on the propriety of tasting 
grapes in the store. 


For the benefit of those who have never 
heard of it, AIR is subtitled “the journal of in- 
flated research and personalities,” which 
pretty much explains what it is all about. It is 
produced by the entire former editorial staff 
(1955-1994) of The Journal of Irreproducible 
Results and published by the MIT Museum in 
Cambridge, Mass. Its editorial board consists 
of more than 40 distinguished scientists from 
around the world, including seven Nobel 
laureates and a convicted felon. 

In addition to the magazine, every Oc- 
tober AIR also produces the Ig Nobel 
Prize Ceremony at the Massachusetts In- 
stitute of Technology, Cambridge, honor- 
ing people whose achievements cannot or 
should not be reproduced. A highlight of 
the ceremony is a series of Heisenberg 
Certainty Lectures, which last no more 
than 30 seconds each. Past Heisenberg 
Certainty Lecturers have included Nobel 
laureates Sheldon Glashow, William Lips- 
comb, Dudley Herschbach, and Richard 
Roberts; astronomer Margaret Geller, the 
discoverer of the Great Wall of galaxies; 
and Marvin Minsky, who founded the field 
of artificial intelligence. 

A subscription to AIR costs US $19.95 
for one year (six issues) or $34.95 for two 
years. For subscribers living in Canada and 





Pel 


ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


BACK BY POPULAR DEMAND, THE LATEST 
CONFERENCE VIDEO 
PROCEEDINGS IN ROBOTICS 
AND AUTOMATION! 


1994 ROBOTICS 


THE SWISS FEDERAL INSTITUTE OF TECHNOLOGY, LAUSANNE 
has an opening for a 
Professor of Power Electronics 
in the 
Department of Electrical Engineering. 


The selected candidate will be the director of the Industrial 
Electronics Laboratory (LEI). Research and teaching activities will 
take place in the field of power electronics—static converters, 
including their control— and its application in a variety of domains. 


The candidate should have several years of practical experience, if 
possible, acquired in industry. Proven research skills, excellent 
teaching aptitude and the ability to lead a research group are 
required. Collaboration with other EPFL units, as well as with 
external institutions and industry, is indispensible. 


Female candidates are particularly welcome. 
Deadline for application : June 5, 1995 
Date of entry : to be discussed 


Interested persons are invited to obtain more information 
by writing to the following address: 


Présidence de l’EPFL, CE-Ecublens 
CH-1015 Lausanne, Switzerland 
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AND AUTOMATION CONFERENCE 
VIDEO PROCEEDINGS 


You won't want to miss this compilation videotape, which 
focuses on the latest information available from robotics and 
automation intelligence sources from around the world! This 
important video explains the advances that have taken place 
and shows the results in practice. Grouped into six cate- 
gories, the 1994 video covers such topics as: Design and 
Mechanisms; Sensing and Inspection; Control; Mobility; 
Applications; and Simulation Programming and 
Teleoperation. 


Tae ame cHet IAN 
List Price: $130.00 
EEE Order No. (NTSC) HV5777-PDN 
ISBN (NTSC) 0-7803-2252-5 
JEEE Order No. (PAL) HV5785-PDN 
ISBN (PAL) 0-7803-2253-3 


For fastest service, call toll free (in USA) 
1-800-678-IEEE 
fax 1-908-981-9667; 
phone 1-908-981-0060 


Sponsored by 
the 1994 IEEE 
International 
Conference on 
Robotics and 
Automation 


eeeccceescescesecsseeseseesesseeee® 


wz The Institute of Electrical and Electronics Engineers, Inc. 
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Mexico, the rates are $27 and $45 for one 
and two years, respectively; and for all 
others, the prices are $40 and $70. 

If you dislike shelling out good 
money without a surer idea of what 
you'll be getting, you may want to sub- 
scribe to mini-AIR, a monthly electronic 
supplement to AIR, which is available 
over the Internet, free of charge. To sub- 
scribe, send an e-mail message to 
LISTSERV@MITVMA .MIT.EDU con- 
taining only the words SUBSCRIBI 
MINI-AIR MARIE CURIE (but sub- 
stituting your name for that of the dis- 
coverer of radium). Contact: The MIT 
Museum, 265 Massachusetts Ave., Cambridge, 
MA 02139; 617-253-4462; fax, 617-253-8994, 
e-mail, mitshop@mit.edu,, or circle 104. 


e Silicon Systems, Tustin, Calif., has an- 
nounced that 1995 catalogs for its 
communications and storage products 
are now being offered. The communi- 
cations products data book contains more 
than 700 pages of information on such 
items as modem support ICs, pro- 
grammable filters for local-area networks, 
and pulse-code modulation circuits. More 











G 











than 1300 pages long, the storage 
products data book covers such products 
as read/write amplifiers, head-positioning 
circuits, and spindle motor controls. Both 
reference volumes are free of charge. 
Circle 105. 

¢ A family of 1000—1800-W switching 
power supplies for use in computers and 
communications systems has been an- 
nounced by Brown Applied Technology 
Inc., Scarborough, Ont., Canada. The 
multiple-output units are housed in a low- 
profile package measuring 80 by 200 by 
280 mm. They have efficiencies as high as 
83 percent and power-factor correction to 
0.99. Circle 106. 

¢ Motorola's Customer Specified Inte- 
grated Circuits (CSIC) Division, Austin, 
Texas, has announced an expandable 
version of its 68HCO5 family of mi- 
crocontrollers. Dubbed the 68HC05CO, 
the new chip addresses up to 64KB of ex- 
ternal ROM, which means that it can be 
offered as an off-the-shelf product with 
no custom programming and, therefore, 
instant availability. It operates with both 
multiplexed and nonmultiplexed buses. 
The 68HC05CO0 sells for $2.20 in high- 
volume original-equipment manufacturer 
quantities. Circle 107. 


e Aimed at applications like motor control, 
computer pointing devices, automotive 
windshield wiper control, and security 
systems, the PIC16C65 E-PROM-based 
8-bit microcontroller from Microchip 
Technology Inc., Chandler, Ariz., features 
a fast (5-Mb/s) serial communications port 
and a high-performance RISC processor 
core. It is priced at $5.30 in 1000-piece lots 
and is available from stock. Circle 108. 

¢ TerraData, a division of DAS Inc., Orem, 
Utah, has announced an extremely high- 
speed data acquisition board, the TD- 
250, for applications like radar that require 
fast data acquisition in conjunction with 
real-time hardware averaging. The board's 
maximum sampling rate is 250 mega- 
samples per second and its maximum 
analog bandwidth is 125 MHz. Its hard- 
ware averaging section can add a new 8-bit 
digitization of the input signal to a 16-bit 
sum every 4 ns, in effect increasing the 
board's resolution to 10 or 11 bits, ac- 
cording to the company. The TD-250 is 
priced at $7995. Circle 109. 





MICHAEL J. RIEZENMAN, Coordinator 





Consultant: Paul A.T. Wolfgang, Boeing 
Defense & Space Group 
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AMP, the world's leading supplier of interconnection and products services, is searching for 
technology experts and business leaders to accelerate development of its optoelectronics 
business. Based on a strategy to combine the resources of the global company with the 
energy of the entrepreneurial spirit, the “Intrapreneur Program” will create new business units 
to meet explosive growth in telecommunication, CATV and other data transfer markets. 


Business Lead 


We are seeking entrepreneurs with 6-10 years’ experience in optoelectronics business to 
lead development of market opportunities into functioning, profitable enterprises. After com- 
pletion of orientation, development of executive and technical skills in academic and business 
environments, and concentrated market study, business leaders will assemble teams to 
meet market needs. 2 year training will rotate between CA, PA and possibly other locations. 


















Features: 

* Digital implementation of major modentfunctions— 
forms core of PSK mnedem chipset 

* 2-, 4-, 8-ary PSK up to 10\Msymbols/sec 

* Tx functions—clock synthesizer, 
Nyquist data shaper (with exterhal ROM) 

+ Programmable data filter-and-recovery loop gain 

+ Built-in burst mode acquisition-aid interface 

* Supports simultaneous operation at 
different Tx and Rx rates 


Technology Expert 









We are seeking scientists, scholars, researchers and hands-on engineers at the leading 
edge of developments in optics, photonics and related fields for positions in our AMP labs. 
Upon completion of 2 year training in Palo Alto, CA they may become associated with a 
product or technology and a new farate, or they may pursue worldwide lab opportunities 
with AMP. 


if you possess the vision, temperament and energy to convert an idea into a — bust 

ness, or if you have the technical pe to lead development of products and technologies 

that will support such ventures, AMP may be able to help you exploit your special talents. 

For more Rrra about AMP, the opportunities and the selection process, please write: = | TECHNICAL EXCELLENCE! IN SYSTEMS, SERVICES 
AND PRODUCTS FOR GLOBAL COMMUNICATIONS 


Bill Delone, AMP Intrapreneur/Expert ram, Dept. 8243, Mail Stop 04-12, = 

Harrisburg, PA USA 17105-3608; FAX: (717) 780-7019. 
COMSAT 
COMSAT Laboratories 


EOE-M/F/D/V. Pre-employment drug testing is required 
22300 COMSAT Drive, Clarksburg, MD.20871. USA 
Tel: (801) 428-4553 Fax: (301) 428-4534 
kappes@ctd.comsat.com 
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ADVERTISING RATES 


12 insertions—$4200 1 insertion-$350 
50% discount to IEEE members on three or more insertions 
If you are an IEEE member, please enclose your membership number 
with the order. 

Copy cannot exceed 1-inch in depth. No product may be offered for sale. 
Advertising re d to professional engineering and consulting services. 
No orders can be accepted by telephone, order and copy must be 
sent together. 


For any further information and closing dates please contact 
Advertising Production, 908-562-6334 





THE CONSULTING GROUP 





* Microwaves & RF Circuit and Systems Design 

* Oscillators, Amplifiers, Filters, Antennas, 
Synthesizer/PLL Design, Microprocessor, 

Communication ckts. 

R&D, Prototyping & Testing in our Lab facilities. 


119-40 Metropolitan Ave., Ste. A2, Kew Gardens, NY 11415 
Ph. (718) 846-5400 Fax (718) 846-2440 


RAINES ELECTROMAGNETICS 
Consulting Since 1972 


* On Site Measurements of Electric and Magnetic Fields 








* Design, Analysis, and Numerical Simulation of 
Electromagnetic Radiating and Scattering Systems. 






* Applications to Telecommunications, Radar, Radio & Television 
Broadcasting, Power Lines, and Architectural Shielding. 









Jeremy K. Raines, Ph.D., PE. 





(301) 279-2972 


CONTROL SYSTEM CONSULTING 
¢Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 
«Electrical, mechanical, hydraulic 
«Defense, aerospace, industrial experience 


30 East Gate Road A.R. Hazelton 
Danbury, Conn. 06811 (203) 743-7002 


IRA J. PITEL, Ph.D. 
Consulting, Research and Development 
in Power Electronics and Magnetics 
Power Supplies, Inverters, Converters, Motor 
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LEONARD R. KAHN, P.E. 


Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversity Reception - Stereophonic Systems 
Modulation Systems 
Registered Patent Agent 


222 Westbury Ave. 
Carle Place, NY 11514 
516-222-2221 





Imaging & Measurement 


Design, Prototyping and Manufacturing 
20+ years of sensing, imaging, measurement 
and microprocessing experience solves 
problems and gets you to market faster. 


WINTRISS 
ENGINEERING 
CORPORATION 


Call 800-550-7301 
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INTEGRATED OPTICAL CIRCUIT CONSULTANTS 
Consulting, Contract R&D, and Prototyping 
Integrated, Fiber, and Guided-Wave Optics 

* Applications Engineering 
* Design, Fabrication and Evaluation 
* Critical Analysis of Technology 
* Troubleshooting 
© Marketing 


10482 Chisholm Ave. 
Cupertino, CA 95014 


R.A. Becker, D. Sc. 
President 
(408) 446-9812 


SYNCHRO DESIGN Inc. 


DESIGN OF MIXED-SIGNAL INTEGRATED CIRCUITS 
ENGINEERING SYSTEM INTERFACE THROUGH SILICON 
SPECIALIZING IN HIGH DYNAMIC-RANGE APPLICATIONS 
* ANALOG-TO-DIGITAL AND DIGITAL-TO-ANALOG CONVERTERS 
* SWITCHED-CAPACITOR FILTERS 
* BUFFER AMPLIFIERS * PHASE-LOCK LOOPS 
* LOW-VOLTAGE ANALOG-CMOS CIRCUITS 


Contact: Daniel Senderowicz, Ph.D. 
2140 Shattuck Avenue, Suite 605 Phone: (510) 486-0797 
Berkeley, California 94704-1210 — E-mail: daniel@synchrods.com 












BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 


MAGNA PHYSICS JAMES R. HENDERSHOT 
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Patent Attorney 
Robert E. Malm, Ph.D. (M.L.T.) 


Attorney At Law 
Post Office Box 522 
Pacific Palisades, CA 90272 
Tel: (310) 459-8728 
Fax: (310) 573-1781 





PATENT ATTORNEY 
JAPAN 
TAKADA & ASSOCIATES 


Specialty: electrical, electronic, computer, 
telecommunications, mechanical, 
trademark, and servicemark cases 

Hanabusa Bldg., 12-6 Minamiaoyama 5-chome 

Minato-ku, TOKYO, JAPAN 

Fax: (03) 5485-9147 — Phone: (03) 5485-9146 


PATENT SERVICES 


computer and electronic arts 


Philip O. Post 


Patent, Trademark and Copyright Law 
Phone: (800) 435-0353 


FAX: (609) 667-7673 
call for brochure of services 












TALBOT TECHNOLOGY CORP. 
T-TECH. dan tatbot 
President 


CONSULTING IN: 

* ELECTRONICS FOR FIBEROPTICS 

* ANALOG/RF/VIDEO/PLL OR DDS FREQ. SYNTHESIS DESIGN 
* CUSTOM ANALOG OR MIXED ASIC DESIGN 
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CONSULTING & PROTOTYPES 








PROFESSIONAL CONSULTING SERVICES 


ANTENNAS for WIRELESS PRODUCTS 
CUSTOM and EMBEDDED ANTENNAS 
DSP + PIC17C42 + PIC16Cxx FIRMWARE 


er Steven L. Myers, Ph.D., P.E. 
a 


President 
MYERS ENGINEERING INTERNATIONAL, INC. 


POB 15908, Ft. Lauderdale, FL 33318-5908, USA 
Tel 305-345-5000 Fax 305-345-5005 


SNR Semiconductor Inc. 
Mixed-Signal Design Specialists 


* Multimedia CODECs * Modem Front-Ends * Video Converters * 


+ High Resolution Delta-Sigma Audio * High Speed Digitizers + 
Over 10 years experience designing parts for production 
* Switched-Capacitor, Continuous-Time and Digital Filters * 
+ Interpolation and Decimation * High Performance Analog CMOS * 
Complete top-down capability: architecture, design, and layout 


P.O. Box 43206 
Austin, TX 78745-0206 


) 329-8446 
info@snr.com 


rine UNRATE atc lihy (og 
Productivity Enhancements 


System 
P.O. Box 727 * Lawndale, CA 90260 









Engineering 


Contact us for a brochure of our services 


(310) 679-2440 ¢ Fax: (310) 679-9667 * hase@interramp.com 


POWER SUPPLY EXPERTISE 
Consulting Since 1977 
from concept to prototype; 
have laboratory; will travel 
QO EMI 
QO) magnetics 
QO mag. amps 
6114 Turnberry Drive 
Garland, Texas 75044 
fax 214/495-6434 






QO) switchmode 

QO) quasi-resonant 

Q telecom power 
William F. Slack, President 
Sussex Technical Corp. 
(214) 495-9293 













INNOVATIVE ENGINEERING 


Consulting since 1984. Fully equipped lab. 
Complete service from concept to prototype. 
*Digital & Analog circuits and systems design. 
*High speed, clock rate/BW to 500 MHz. 
*PLL, NCO, Synthesizers, Filters, A/D Conversion. 
*DSP, Microcontrollers, Embedded control. 


Phone: (818) 716-5728 Fax: (818) 716-5726 


MOTOR DESIGN 
DC & AC motors (fractional & multi H.P.) * Computer 
modelling (F.E.A.) * Prototyping and testing « 
Technical seminars * Motion control * Magnetic 
devices * Magnet charging * Solenoids * Actuators « 


G’ CONSULTING 


Services since 1987 


GEORGE P. GOGUE, Ph.D. 
16985 S.W. Kemmer Road, Beaverton, Oregon 97007 


Phone: (503) 590-9014 Fax : (503) 590-9015 


MOTION CONTROL SYSTEMS 


Analysis 
Simulation 
Design 
Prototypes 


Analog, Digital, uP Circuits 
Motors, Sensors, Drivers 
Switchmode Power 

DSP, PLL, DAS 


D.L. Ahonen, President 
Ph/FAX: 508-460-6541 
E-mail: dla@shore.net 


Avens Technology 
301 Applebriar Ln. 
Marlboro, MA 01752 
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Industrial & Power System Consulting 
Surges, ESD, 
saturation, 


Electromagnetic interference, Transient: 
RFI, Current transformer transient’ 


Protective Relays, Electromagnetic fields, Control cable 
shielding & grounding, Custom seminars, Technical 
auditing, Design, Harmonic analysis, Feasibility studies, 
EMC in product design, Trouble shooting 


5900 NW 99th Avenue 
Parkland, FL 33076-2566 


W.C. Kotheimer 
TEL/FAX (305) 345-6378 


INTEGRATED RADIO DESIGN 


Technology Consultants of Cincinnati, Inc. 
Marwan E. Nusair, Ph.D. 

9134 Union Cemetery Road, Suite 259 

Cincinnati OH 45249 Phone (800) 207-1842 

(513) 284-3020 Fax (513) 489-3501 









NUCLEAR PLANT EXPERTISE 


Problems with your Electrical Distribution System? 
Capacity & Capability Concerns? 
Nuisance Trips & Failures? 
Compliance with Regulatory Requirements? 
Questionable Calculations & Designs? 


FAROUK D. BAXTER, PE, EXPERT/ SPECIALIST 
NUCLEAR PLANT ELECTRICAL POWER SYSTEMS 


Tel: (508) 443-2914 Fax: (508) 443-8556 
(where common sense still prevails) 
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Internet Access Services 
WWW design & management 
Internet-Anywhere for Travellers 

(800) 459-7175 info @ari.net 
WWW: http://www.ari.net 








Design Failure Modes And Effects Analysis 
Reliability Prediction 
Design Validation Plan and Reports 
Analog/Digital Design 
Firmware Design 


Design Industrialization Services 
TEL: 313-292-9044 


European Patent Attorney 
ing. Umberto MONTI 
Via Washington 48 
I-20146 Milano Italy 


Tel (39.2) 4985057 Fax (39.2) 4817645 


Filing & prosecution of European and 
national patent applications 
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The use of ‘intelligent control’ 
The demand for highly automated, high- 
performance systems in such fields as 
vehicular traffic control, factory automa- 
tion, and avionics is forcing engineers to 
turn to machines to perform many tasks 
traditionally done by human beings. Not 
surprisingly, those engineers have found it 
advantageous to study how people tradi- 
tionally perform such jobs and to incorpo- 
rate that knowledge in their systems. 
Thus, a branch of control theory has been 
created called “intelligent control" that 
includes such techniques as fuzzy logic, 
neural networks, and genetic algorithms. 
But many in the control field question 
whether such intelligent systems are being 
oversold and whether they can or should 
replace more conventional methodologies. 
This article explores these questions. 
While it comes to no definite conclusions, 
it does suggest that autonomous systems 
might best be implemented by a mixture 
of intelligent and conventional methods. 


ISDN—coming into its own? 

The jokes about ISDN, the integrated- 
services digital network, have been nu- 
merous. Some said the initials stood for 
an “interface subscribers don’t need," 
others for “it still does nothing.” For a 
while, the jokes had a point. For a vari- 
ety of reasons (prohibitive costs, lack of 
service availability, and so on) this prom- 
ising technology was not able to offer 
attractive high-volume products. 

That situation is changing. ISDN may 
now be poised soon to come into its own. 
This article will review how ISDN has 
evolved, with an eye on where it is headed. 


Tracking weather in space 

As engineers have learned over the last 
four decades, space—just like the earth— 
has weather of its own. Caused in part by 
the emissions from solar flares and the 
earth's own magnetic field, this weather 
can swamp satellite electronics and dis- 
rupt electric power systems and commu- 
nications. And though it may not be pos- 
sible to do much about weather in space, 
engineers and scientists are studying how 
to predict it and determine what its ef- 
fects are likely to be. 


Jumping to a new technology 

No technology company, no matter how 
successful its current products, can afford to 
rest on its laurels or ignore industry ad- 
vances. Proposed a quarter century ago, the 
technological s-curve is a useful tool for 
strategists trying to judge the opportune 
time to move to a new technology. This 
article describes how engineers can apply 
the curve to their maximum benefit. 
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Windows is a registered trademark of Microsoft. 
r AutoCAD is a registered trademark of AutoDesk Inc. 
Maxwell is a registered trademark of Ansoft 


WHAT IF..... 


| used a different excitation? 
| used a different dimension? 
l used a different material? 

l used a different .....? 


Examine hundreds of different design 
possibilities with little more effort than 
looking at one. 


Ansoft introduces: 
Parametric analysis 
for the Maxwell EM 
2D Field Simulator 


The Maxwell® EM 2D Field Simulator 
makes electromagnetic design optimiza- 
tion studies a practical reality. The new 
Parametric Analysis Module unlocks the 
genius inside of you! 


An easy to use spread sheet enables 
parametric input of materials, positions, 
geometries and more. Set up your electro- 
magnetic analysis once and let Maxwell 
solve for the parameters of interest. No 
tedious batch programs or endless itera- 
tions of the same analysis. One time set 
up - unlimited possibilities! 


Use Parametric Analysis with: 
© Maxwell DC Magnetics 
¢ Maxwell AC Magnetics 
¢ Maxwell Electrostatics 


Maxwell EM Field Simulators have 

brought push-button electromagnetic 
analysis under Microsoft Windows* to 
engineers’ desktops around the world. 


Another first from Ansoft. 


Call (412)261-3200 X201 today for an 
information or demonstration package, 
or to talk with an applications engineer. 


Theory by Maxwell. 
Solutions by Ansoft 
.... Again! 


* OSF/MOTIF interface on UNIX platforms 


Circle No. 4 





EE 
A blurred image of Jupiter (left side), produced by the Hubble Space Telescope before its repair, was 





corrected with the MATLAB Image Processing Toolbox using an iterative restoration technique (right 


side), Data: Dr. S. J. Reeves, Auburn University. 


MATLAB brings 


your work into focus, 


no matter where 
youre looking. 


Mis is a complete 


technical computing environment 
that provides computation, 
visualization, and application- 


specific toolboxes— everything 





The Nonlinear Control Design Toolbox uses a 
series of nonlinear simulations (rear to front) to 
tune block diagram parameters automatically. 


192v0 


you need to solve your most 
important technical problems. 
Its matrix-oriented language is 
designed for large-scale 
computation and data analysis, 
allowing you to manage 
computing challenges in a 
fraction of the time it takes with 
Fortran or C. 
High-performance 
mathematical computation 
With MATLAB, you can quickly 
and easily crunch huge data sets 


and evaluate complex models. 


With over 500 math, scientific, 
and engineering functions, 
MATLAB delivers high- 
performance numeric and 
symbolic firepower to your 
desktop. 

Revealing graphics 
sharpen your insight 
MATLAB’s interactive 2-D 
and 3-D visualization tools 
have no equal. You can freely 
analyze, transform, and 
visualize your data—in a 
single, integrated process. 


An open system for 
application development 


MATLAB fits into your current 
computing environment. You 


can dynamically link MATLAB 


with your C or Fortran programs, 





This neural network plot compares training 
rates for standard backpropagation (white, 108 
steps) and the fast Levenberg-Marquardt 
algorithm (blue, 5 steps). 


exchange data with other 
applications, and embed MATLAB 
as an analysis and visualization 
engine. 

Leading-edge toolboxes 

let you choose your approach 


The MATLAB Toolboxes, written 
by world-class experts, provide 
comprehensive functionality for 
specialized applications such as 
signal processing, control system 
design, image processing, and 
mathematical modeling. They're 
written in MATLAB’s high-level 
language, so it’s easy to examine 


any function, or add your own. 
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MATLAB 


Picture the Power 








Application Toolboxes 


Signal Processing Toolboxes 
* Signal Processing 
¢ Image Processing 
¢ Higher-Order Spectral Analysis 
© System Identification 
* Frequency Domain System ID 


Control Design Toolboxes 
* Control System Design 
¢ Nonlinear Control Design 
¢ Robust Control 
¢ -Analysis and Synthesis 
© Model Predictive Control 


Interdisciplinary Toolboxes 
¢ Fuzzy Logic 
* Neural Network 
¢ Symbolic Math (with Maple V) 
© Optimization 
© Statistics 
© Spline 


The Ultimate Technical 
Computing Environment™ 


MATLAB seamlessly integrates 
computation, visualization, and 
modeling on PCs, workstations, 
and supercomputers. 


To receive a technical brochure 
that shows you how MATLAB 
can bring your work into focus, 


call today: 


508-653-1415 


The 


MATH 
WORKS 
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24 Prime Park Way / Natick, MA 01760 
Tel: 508/653-1415 Fax: 508/653-6284 
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